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ABSTRACT

This report provides the instructions for using a suite of computer

codes to calculate approximately the three-dimensional boundary layer

on ship hulls, There are two sets of codes for computing boundary
layers. One 1s for computing a first-order approximation and is based
on a slenderbody potential and the small crossflow assumption. The
secor ] set of codes uses a general three-dimensional calculation method
for the potential flow and solves the three-dimensional momentum integral
boundary-layer equations without making restrictive assumptions on

the magnitude of the crossflow. An example problem is presented for

both methodr,

ADMINISTRATIVE INFORMATION

The work supported herein was supported by the General Hydromechanics Research

Program under Task Area SR 023-01-01 and Work Unit 1552-070,

I. INTRODUCTION

This manual provides the instructions for using a suite of computer codes to
calculate approximately the three-dimensional turbulent boundary layer on ship hulls,
The development of the methods programmed into this suite of boundary-layer codes,
from here on designated BLC for the entire system of programs, is given in five
references (1-5).

The package BLC has two sets of codes. The first set of codes is for computing
a first-order approximation to the three-dimensional boundary layer on fairly fine
ships such as a Series 60, Block 60 hull, These codes use slender-body-theory
potential flowl, at zero Froude number, to obtain the input pressure distribution,
Secondly, the three-dimensional momentum integral equations with the assumption of
small crossflow in the boundary layer are solved in streamline coordinatesz. This
is another reason restricting these codes to slender ships. This set of codes it
very easy to use and inexpensive to run on a computer so that for a first estimate
of the ship boundary layer, it may be useful to employ them. Run time is less than
two minutes for this code, whereas, twenty to thirty minutes is required by the

second set of codes.

The second set of codes in BLC is more general in that the slender-body-theory

b b



potential flow calculation method 1s replaced by a general three-dimensional cal-

culation method, Furthermore, the three-dimensional momentum integral boundary-
layer equations are solved in a general orthogonal surface coordinate system with-
out making restrictive assumptions on the magnitude of the crossflow,

We shall briefly describe below the three main segments of BLC which make up
the second, more general, boundary-layer calculation method. The geometry program
represents the ship hull by a surface equation and is common to both the first and
second set of programs in BLC.

The code for representing the ship hull by a surface equation from which all
the necessary geometrical data are computed is based on the theory published by
von Kerczek and Tuck3. The potential flow data is computed by a code based on the
surface doublet distribution that was developed by Chang and Pien4, and the three-
dimensional turbulent boundary layer is computed by the momentum integral method
described by von Kerczek and Langans. We refer the reader to references (3) - (5)
for further details. We emphasize at the outset that the BLC provides only appro-
ximate results that are valid for (i) ships moving straight ahead at zero Froude
number, i.e., the free surface is assumed to be plane, no waves are taken into
account; (ii) the B.L. flow is unseparated and in fact very thin compared with the
local radius of curvature in any direction on the body, so that the stern region is
not properly modeled; and (iii) the boundary layer is fully turbulent, i.e., the
laminar and transitional parts of the boundary layer near the bow are not modelled.

The underwater part of the ship hull is represented by a surface equation that
consists of the conformal mapping of a unit circle onto the ship section and the
polynominal interpolation of these sectionwise mappings along the length of the
ship (see reference (1)), This type of surface representation can be used for most
conventional ship hull shapes but it excludes two important geometrical features
often found on ships. The first exclusion is a forward protruding bulb. The second
exclusion is the rear portion of cruiser-type sterns. These exclusions of geometric
forms are acceptable since the boundary-layer calculation method is not applicable
in these regions of the ship.

The potential flow code4 is general and will handle any nonlifting fully-sub-
merged body with a vertical plane of symmetry. The restriction to submerged bodies

means, for the present situation, a double ship hull in which free surface effects

are neglected. The code is based on the calculation of the doublet strength density
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on the surface of the ship that will result in potential flow tangency on the sur-

face, The method consists of distributing constant strength doublets on an assem-
blage of quadrilateral surface elements that approximate the actual surface of the
ship and then solving the resulting algebraic equations that approximate the inte-
gral equation.

The numerical solution of the boundary-layer equations is carried out by a
three-dimensional momentum integral-entrainment methods. In this method, the
boundary-layer crossflow can be large but the accuracy of the computer results is
limited by the very rough approximations that are made for the crossflow profile
shape, the rate of entrainment coefficient and the relationships assumed for the
crossflow parameters as functions of the streamwise flow parameters.

It is possible to give only rough estimates of the level of accuracy of the
computed results of this program becasue the accuracy varies not only from one hull
to another, but also on various parts of one hull., However, we have shown that on
one model hull, the SSPA-720 Model, block coefficient 0,675, for which detailed
experimental boundary layer data6 were available, the computed values of stream-
wise momentum and displacement thicknesses and surface shear stresses that were
computed by the second system of codes in BLC were mostly within 10 percent of the
experimental datas. Larger discrepancies between the computed and experimental
results occurred only in localized regions of the hull, For example, very close
to the stern (within the last 5 percent of the ship length), the experimentally
determined boundary layer becomes very thick and the surface shear stress approaches
the value of zero; the computed values of shear stress tend to overpredict the
experimental values by as much as 100 percent in this region. Furthermore, there
is a qualitative discrepancy between the computed and experimental values of dis-
placement and momentum thicknesses and surface shear stresses along a streamline
that lies very close to the keel of the hull, However, in general, the computed
results from the second set of boundary-layer codes in BLC will be qualitatively
correct and quantitatively will give values of about 90 percent of the experimental
values for the streamwise displacement and momentum thicknesses and surface shear
stresses on about 80 percent of the hull length, exclusive of the ends., b

The crossflow angle of B that measures the difference in direction of the surface

shear stress vector and the local direction of the inviscid surface streamline at

the surface is not well-predicted by the methods of BLC. Over most of the hull




surface, where 8 is fairly small, the predictions of B from the BLC are qualitat-
ively correct. However, near the stern of the model tested by Larssonﬁ, where the
experimental values of B become a little more substantial, on the order of 10-20
deg, the predicted values of BLC are substantially different, sometimes even having
the wrong sign.

The numerical methods that are used in BLC are well-established and have been
tested for accuracy as a function of step or panel sizes., The recommended step
and panel sizes given in Chapter 3 in conjunction with the descriptions of the
input schemes have been ascertained to yield at least a 2-3 percent level of nu-
merical accuracy. Further reductions of step and panel sizes do reduce this error
accordingly.

We need to mention here that empirical boundary-layer data are needed to start
the calculations at some station downstream of the bow stern. The effects of in-
accuracies in this starting data on the subsequent boundary-layer development are
not known, but it seems that, if the starting station is located in a favorable
pressure gradient region, then the downstream development of the boundary layer is
not too sensitive to the starting conditions, Some experimentation will be nec-
essary to ascertain this for individual cases.

The rest of this manual is organized as follows., Chapter 2 gives a complete
description of each element of BLC and its relationship to the rest of the pro-
grams in BLC. In Chapter 3 we present a detailed discussion of the operation of
the programs in conjunction with an example. The example is the SSPA Model 720,
for which extensive boundary layer data exist6_ A listing of the program is given

in the appendix.

2. PROGRAMS

2,1 MAP22
The program MAP22 fits an analytic function to a set of hull offsets which

are specified at K stations. It fits each of the K cross sections with an N-para-

meter map of the unit circle given by the equationz:

N

z

Z = a ¢t (1)




Figure 1 shows the relatianship between the complex Z and ¢-planes and also shows a
typical map; Figure 2 shows the hull coordinate system., 1In the program the mapping

is split into its real and imaginary parts; so at the I-th station it takes the

form
_ N
X = T AN(1,J) cos (3-2J)6
a -1
N (2)
Y= 3 AN(I,J) sin (3-2J)8
=1

Once the AN's are computed, the program fits a polynominal in S to the parameters
for J=1, 2, ....,N. It computes the coefficients BN(L,J) of these polynomials by
solving the linear system

KPK

AN(I,J) = I BN(L,J) * S(I) **(L-1) (3)
L=1

Each polynomial has KPK coefficients

The hull is represented by the system of equations

KPK N (1-1)
X (5,8) = = pX BN(1,J) * S cos(3-2J)6
I=1 J=1
(%)
KPK N 1
Y (5,8) = I £ BN(I,J) * S sin (3-2J)6
I=1 J=1

This representation is used throughout the suite of programs.

The number of offsets given at each of the K stations need not be the same;
for the moment let P offsets be given at station I, There are then P points of
the unit circle in the fourth quadrant that will be mapped onto the P points of the
I contour corresponding to these offsets, Since these points can be arbitrarily
chosen, there are P values of 0; namely Bp (p=1,.4., P), to be determined in addi-

tion to the N parameters AN (I,J). There are then 2P equations to be solved for
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Figure 1 - Mapping of Unic Circle onto a Section
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the N values AN(I,J) (J=1, ..., N) and the P values of ep ; namely ,

N
b AN(I,J) cos (3-2J)6
J=1 p

XMS(I,p)

(5)
N

T AN(I,J) sin (3-2J)ep
J=1

YMS(I,p)

where XMS and YMS are respectively the (x,y) offset of the P-th point, If N=P,

unacceptable wriggles occur in the approximating cross section between the spec-
ified points; instead, N is taken to be of the order of 1/2 to 2/3 P and Equation
(5) is solved in a least squares sense, Specifically, the AN's and ep are chosen

to minimize the error

P ] te 2
E=3 (E 2 Lk ) (6)
p=1 P P
where
, N
E = XMS(I,p) ~ £  AN(I,J) cos (3-2J)e
P J=1 P
T N
E = YMS(I,p) -~ I AN(I,J) sin (3-2J)8
p J=1 p

Not only does this approach result in a smooth form; it also fits the data points
in a manaer that minimizes thesquared distance between the data points and the

generated form. The relations

3E
0= = L (AN;8 )
3AN(I,J) P
n
3E
= —_—— = PY < .

are necessary conditions for E to have a minimum, where L and N are given by von
2
Kerczek and Tuck™, The system L =0 is linear in AN and can be solved provided

ep is given. The systemN =0 is totally nonlinear in both variables; however, it

7
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can be used as a system of equations for 6 provided the AN are assumed,

It is not practical to compute the best N-term fit directly, for this app-
roach allows too much freedom in the AN's and results in a relatively bad fit,
Instead, the best 4-term, 5-term, ..., N-term fit is determined successively
starting with the 3-term Lewis form. Moreover, the values of AN (I,1) and AN
(1,2) are further restricted to conform more closely with the Lewis forms. The
best (J-1) term map serves as the initial guess to the j~th term map, which is
solved iteratively. The first step of this iteration is to substitute the present
values of the ep together with AN(I,1) and AN(I,2) into the system L =0, This
system is solved by linear methods for the j-2 terms AN(I,3), ..., AN(I,j). Next
the program computes AN(I,1) and AN(I,2) using the equations

h|
A(I,1) = 1/2 {B(I) + H(1) -z | 1-(-1)J ] aN (1,0)}
J=3

i
ACI,2) = 1/2 {B(I) = H(I) =& [1+ (-1)7]an (1,0)}
J=3

where B(I) is the beam at station I and H(I) is the draft. System N=0 is then
solved iteratively for the Bp. If the resultant value for E has not changed from
the previous value by more than a given tolerance TOL, the resulting AN's and Op
are taken as the value for the best j-term fit; otherwise , the first step of the
iteration is entered again.

MAP22 uses a least squares method to solvg Equation (3) for the KPK coeffi-
cients BN(L,J), ..., BN(KPK,J). It has the facility to constrain the polynomial
at any of the K stations at which the offsets are specified. The BN can be deter-
mined such that at station I the approximating polynomial has the same value as
AN(1,J), zero slope, both zero slope and curvature, or a combination. An additional
feature of the program is the provision made to partition the hull surface into
a forebody, a parallel middlebody, and an afterbody., The forebody and afterbody
are each constrained at their junction with the middlebody to have zero slope and
curvature in the longitudinal direction and to have the same shape as the middle-

body cross section,




2,2 TBL18
This program is based on the method of von Kerczek 2 for computing a first-
order approximation to the three-dimensional boundary layer on a fairly fine ship
hull., The program uses the analytic surface representation, Equation (4), for the
i to calculate the inviscid flow. It applies the Cumpsty--Head-Smith7’8 three-dimen-

sional turbulent boundary-layer calculation method to compute the entrainment,

the crossflow is small in these calculations.,

The Tuck and von Kerczek formula for the complex potential f(s,z) is given by

containing the integrals
1 h| h| _1yk _
k

- _ k
-1 |s - g k=1 =1 (13)

N i Loy e e L ¥ L VoY IV

hull geometry and applies the slender-body potential derived by Tuck and von Kerczek

streamwise momentum, and skin friction along given streamlines. 1t is assumed that

N-1
£(s,0) = CN(1) log AN(1) ¢ + B0 - 1 AT (8)
I=1
This is the potential for the inviscid flow around the analytic surface
]
KPK L-1
AN(J) = BN(L,J) S (9)
1=1
which agrees with (4) for S = S(I). The functions CN are given by
N
CN(1) = ¢ (3-2J) AN(J) * ANP(J) (10)
J=1
and
N
CN(J) = £ (3-2L) AN(L) [ANP(L+J) + ANP(L-J) ] (11)
1=1
where ANP is the derivative of AN with respect to S (ANP(J) = O for J < 1 or
J > N). Finally the function BO of S is given as
2 U c (o) -c (o)
BO = =} CN(1) * LOG [ 4(1-S8") ] +% S 0 o (12>
s -l
where CO(S) = CN(1) evaluated at S. The integral is evaluated as a sum of terms
9

et e miat e




for J = 1, evey No
The integration of the boundary-layer equations begin at station §(1), where
empirical boundary-layer data are given as initial data for the differential equat-

ions. These boundary layer equations are

de du _
11 +6,,2+H11 s - 8 K= cf1
L | do U dg

8,y 1 du ()
+ 2921 (ﬁ s - Kl) + ellxz(l + H) = Cf

dq, S da 2

1 du _
d(ellc) +9,,6 (ﬁ s - Kl) = F(G)
—_— s dg
dg

where G is given in terms of the boundary-layer shape parameter H by

G =1.535 (0 - 0.7)72°713 4 3.3 (15)

B and

{M F(G) = 0.0306 ((;-3.0)'01653 (16)

dq 1is the differential element of arc along a streamline; Kl and K2 are geodesic

curvatures; and Us is the inviscid fluid velocity at the wall.

s u u dx (17)
817 = fo (1 - T ) Uo

921 = -fo — dx (18)

where u is the streamwise velocity in the boundary layer, and v is the cross-flow

velocity. The friction coefficients Cf and Cf are in the streamwise and cross-
flow directions respectively, ! 2

An equal step size Euler method is used in the numerical solution of Equation
(14).

10




2,3 TBL3D
This program is a modification of the

on the same hull representation, Equation ( 4),.

“""""*!T‘!"""""""""""""""""""""""""""“

potential portion of TBL18 and is based
Its primary purpose is the com-

putation of the surface coordinates, distance metrics, and gecdesic curvatures used

in the three-dimensional momentum integral

The intended application of BLC calls
cbtained from using a doublet distribution
been provided with a quick way to estimate

momentum integral equation. This solution

body potential to compute the inviscid velocities at the grid points,

equat ions.

for the use of the inviscid velocities
over the hull, Additionally, BLC has
the soultion to the three-dimensional
uses the Tuck and von Kerczek slender

The potential

portion of these computations is carried out in TBL3D,
If r (5,9) is the vector from the origin of the (X,Y,S) coordinate system,

Figure (2) r (s, 8) = X(s,8)1 + Y(5,8)] + Sk (19)

(1, j, k) are the unit tangent vectors to the (X, Y, S) coordinate systems respec-
tively. The surface coordinate lines 8 = constant, run along the length of the hull

surface; the orthogonal trajectories to these coordinate lines form the coordinate

lines ¢ = constant. These latter coordinate lines are nearly parallel to the hull
cross-sections. The arc length increments along the ¢ and 6 coordinates are given
by von Kerczek and Langan5 as
y ae = (dr . dr)* - H(s,8) ds (20)
6 = constant
and
des = (dr . c!_g)!i = G(S,06)d8 (21)
¢ = constant
. respectively, where
1 3X 2 Y 2 ] by
Hes,0) =[25? + E? 41 (22)
i
3X X 2 Y 3Y 2 27 % {
G(s,8) I.-(ae + 3 + F)" +( =5 +T+F) +F] (23) ‘
and
O P _ds _(L8%_ X + Y ay)
30 ¢ EL 39S 30 38
‘ 3X |2 oY 2]
} v —_— g -
: [1+¢ o)+ (=) (24)
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The program uses the unit orthogonal vectors & €, & »to simplify

the computation of the geodesic curvatures l(¢ and Ke. Since the ¢~coordinates are
generated by holding 6 constant in Equation 19 for r, the unit vector in the ¢-

direction is given by

’-- --1 —3-&—’_2Y_’1)
i g¢ (EP1, EP2, EP3) H ™ ( 35 S (25)
The unit vector normal to the surface is determined from the cross product.éé;x.gg;
36 as
which is normal to the surface of the hull; hence,
e - (EN1, EN2, ENJ3)
-1 Y 3X aX Y X Y
=D (=g +- 38 56 3§ - 35 8 (26)
where
Y 2 X 2 X dY 23X 3y 2| %
D [k 38 + (55 + (55 35 35 36 ).] (27)
From the definition of orthonormal
S o xog legl =
that is
1 e, = (ETl, ET2, ET3)
= (EN2 * EP3 - EN3 * EP2, EN3 * EP1 (28)
- EN1 x EP3, EN1 * EP2 - EN2 * EPl)
: The geodesic curvatures are calculated using
Ky, = e, - de g . . L M (29)
dle heho %
and
K =e. .95 1 3h (30)
=0 " Thh b
dee ¢ 8 ahe
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2.4 CBL

The program CBL lays out the panels for the doublet distribution on the ana-
lytic hull, It merely repeatedly applies Equation (9) to obtain the coordinates
for the panel corners and formats this data for the potential flow program DOUBLD.

If one is simply computing the potential flow around a double hull model, one
needs only to use MAP22, CBL, and DOUBLD.

2,5 DOUBDD
The program DOUBDD computes the potential and velocities for inviscid flow

around a double hull model, Pien and Chang4 developed the original form of this
program; with their permission we have documented their program here to publicize
it and to have a complete discussion of the program system BLC., The program solves
the Neumann problem for flow around a body by distributing a layer of doublets on
the surface of the body, in our case the double hull, and solving numerically the
resulting integral equation by a panel method. The magnitude of the doublet dis-

tribution on the panels, SIG(I), is obtained directly as the soultion of the linear
system

NP
5 VPP(I,J) * SIG(J) = -4 S (I) (31)
J=1

for 1=1, ..., NP, which approximates the integral equation

4n S(p) = f;  o(Q) G(P,Q) ds

Double
Hull

Q

SIG(J) is the strength of the doublets distributed on the J-th panel, VPP(I,J) is
the influence of this doublet distribution on the I-th panel, and S(I) is an aver-
age station location for the I-th panel, In the integral equation G(P,Q) is the
three-dimensional distribution 1/r, where r is the distance between the points P
and Q on the hull surface, and dsQ is the increment of surface arca used in the

integration.

The doublet distribution is the perturbation potential due to the inviscid
flow around the doub’e hull,

In the actual mechanics of the solution DOUBDD replaces the curva-linear panels,

that are constructed in CBL, by plane panels, These planes are chosen to minimize

13




the distance between the corners of the plane panels and those of the curvilinear
ones. If the longitudinal length of a plane panel exceeds its traverse width by
a multiple of two or more the panel length is divided into subpanels which satisfy
the criterion that their length is less than twice their width,
The off-diagonal elements of the influence matrix VPP are computed in a

1 straight forward manner. This matrix can be ill conditioned, and a straight forward
computation of the diagonal elements V(I, I) can lead to serious error. A different
approach is taken in the computation of the diagonal elements to avoid the problem.

Since the equation

NP
b VPP(I,J) = - 41 (32)
J=1
corresponds to Greens identity
SS9 G(P,6) dSQ = - 41
on
3
one can use
NP
VPP(I,I) = = 41 = I VPP(I,J) (33)
J=1
JAT

to compute the diagonal elements, This calculation method does not produce the
errors in the solution that results from computing the diagonal elements in a

straight forward manner. It is therefore used in DOUBDD.

2,6 TBLIPC
This program organizes the geometric and inviscid flow data for use in the

turbulent boundary-layer calculations. These calculations are made on a surface

grid (@i, Gj) given by

o= ¢y T -2 1=2, ..., NS ,

8J= (j -1)Ae j=1, es ey N’I'H "
The initial value ¢1 is the value of ¢ at the station at which the boundary-layer :
calculations are initiated. Empirical values of the momentum integral 011, the

crossflow angle B, and of the shape parameter H are given at ¢ = ¢1 as initial con-

ditions; the calculations proceed station by station downstream from ¢y The bound-

14




ary-layer equations are first solved for 611, t = tan 8 and H at ¢ = ¢2; these cal-
culations are then repeated at ¢ = ¢3, ¢4, cee ¢NS' Because the total amount of
geometric and inviscid flow data is prohibitively large for storage in main memory
and since it is only used station by station, TRLIPC organizes it as a function of
0 for each value ¢i and stores it on disk for i =1, ..., NS.

Typically, DOUBDD computes the inviscid flow potential at 250 to 500 points
approximately evenly distributed over the portion of the hull having 0 > 6 zj’E-;
the boundary layer calculations require the inviscid velocities and their deriva-
tives at 1500 or more points on the grid (¢i,6j). TBLIPC uses spline on spline
interpolation to determine the potential at the grid points. It uses the derivat-
ives of these spline functions to compute the inviscid velocity tangent to the sur-

face in the ¢-direction, u_, and the corresponding velocity in the 6-direction, u

¢ 6°
2,7 TBLSOL
von Kerczek and Langan5 expressed the momentum integral equations and the

entrainment equation in the form

A1 (8, 0)) 35+ B(W($,0)) o= cw
5]

where

H
The program TBLSOL uses an implicit marching method to solve this system of nonlinear

equations., In marching from station ¢i to ¢ it uses the value of W at

i+1 ™

(¢1,91) to compute the coefficients A, B, and C at (¢ 91). The program uses

i+1°
Gaussian reduction to solve the resulting system of linear equationms.
The coefficient matrices are described in von Kerczek and Langan5 together

with the theoretical details of the solution method.

3. OPERATING INSTRUCTIONS WITH AN EXAMPLE
The suite of programs BLC has been installed on the Burroughs 7700 at DTNSRDC
as an interactive software system., Each individual program was initially designed

for batch operation on the CDC 6700 computer system. A version of DCUBDD is pre-
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sently available on the Naval Research Laboratory Advanced Scientific Computer; it
uses the large array storage and pipeline capabilities of that machine, The indi-
vidual programs required minimum modification when moved from one machine to the
other; they are written in a fairly basic FORTRAN, The operating instructions and
program listings presented in this report apply to the iInteractive software system
as installed on the Burroughs 7700,

The Swedish Model SSPA 720 is used in the sample calculations. The offsets
used for this ship are given as input to MAP22. The input to each program is given
in detail, unless it is generated as output from one of the programs in the system.
Since the output from the programs would require too much space and can be easily

generated if needed, only partial listings of the output will be given.

3.1 MAP22

This is the first program of the system., Its primary output is the hull geo-
metry representation matrix BN. This matrix forms the basis of all further calcul-
ations in the system. The input data is stored in file PFN before running the pro-
gram, The input data file PFN for the SSPA Model 720 is shown in Table 1, 1t is
read by MAP22 with the following read statements,

READ(S5,24) (TITLECJ),J=1,12)
READ(S,3) IST1,18T2,KP1,KP2
READ(S,1) K,N,TOL,BL
READ(5,3) (IF5(I1),I=1,K)
READ(5,3) (JFS{1),1=1,K)
READ(5,25) (KT(I),I=1,K)
READIS,4) (IX(J),1Y(J),d=1,M)
READ(5,2) (§¢(I),I=1,K)

32 READ(S,2) (ANCI,J),d=1,N)

The formats are

FORMAT(2110,2F10.5)
FORMATC6¢1X,214))
FORMAT (7F10.5)
FORNAT (1415)
FORMAT(7110)

FORMAT (12A4)
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TABLE 1 - INPUT TO MAP22

#FILE (CHXL)FFN ON DTNSKDC

100
200
300
400
500
4600
700
800
900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3200
3300
300
1500
34600
3700
3800
3900
4900
4100
4200
4300
4400
44500

SSPA MODEL 720

25 N B 0
25 7 0.0001 1.0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1
4 15 17 19 20 23 24
29 33 20 21 21 21 21
22 21 19 18 17 16 18
20 21 23 9
* * - 500% - 1000+ ~ 1636

+300439-00005+4300407-00272+800381-005114800349-00764%800331-010024800309-01248
£§800287-01503+800264-01753%800242-019924800217-02236+5800183-02494+800142-02743
+300097-02981+800064-03088+-00001-03091
+%00859-00002%300823-00271:¢300791-003512:4800760-00787+300736-01007+§00706-01250
#3008856-01508+800659-01750+300628-019934400585-02235:+800531-024946+§00475-02733
#300405-02984+800320-03229+5800223-03476+800119-03713+-00008-03718
+801338-000034301297-002724801263~-00514:¢801226-00759+8&01191-01007+801148-01233
+$01132-01506%801094-01754+301051-01996*801000-022414800932-02493:+800850-02734
+§00747-02987+3004635-03237+800501-03478+300348-03718:+¢800252-03853+300137-03984
+-00007-0398%
+#801837-00004+801803-002744301773-00513+401732-00721:4201699-01003£8016460~01253
*3016146-01508%301565-01756+801506-019964301441-02238:+401358-02497+801270-02735
+501140-02988+300990-03233+800804-03480+800583-037204800427-03873+800311-03972
*§00168~04077+-00001-04095
+8§02850-00007+302820-00277:4402788-00513:+802734-00774+802724-010074802684-01257
*§02643-015204302593-017574802539-02000+802468-02233%§02370~-02504+802250-02740
+302083-0299954301872-032312801719-033744301581-03478:¢501418-035688:x§01242-034693
#§00983-03822+800738-03924%300506-04006+300252-04089%-00004-04099
*303738-00003%303715-00276+803488-003515:¢803668-00783%803647-C . ,08+803622-01257
#§03595-015144803556-01760+303508-02001+803438-02240+803333-025044803201-02741
+§G3023-030024802793-03244+302438-033704§802463-03487:4802219-035616+801967-0372
*201718-03825+801478-03897+401243-03952+#300988-04012+8007741-04049+800502-04089
*800251-04091%~00004-04089
4804407-000024804400-002314304391-00529+§04383-00785+804374-01015:+804365-01245
+304350-01525+804335-017704304302-020024804245-02249:¢804162-02505+304048-02749
#303886-03005+803499-03218+3803459-03421+303200-03581+302955-03698+302717-03784
+302463-03863%802221-039284801961-03976+301718-04015+801480-04046+301243-04072
#800987-04091%800739-040972800503-04095+%500251-04076:+800001-04093
+304300-00000+304797-002824304796-00521:+304794-00777+504798-01009+%04802-012460
$304798-015224804793-017692804776-020012304744-02248+304490-02506+8045613-02731
£304495-03006%304337-03247+304201-033934804084-03470%30317446-03598:+503695-0372
+8035460-038214203199-03886+802953-03943%802651-03982+302455-040104802215-04032
4401963-04051%301719-040464301475-04082+301244-04093::300988-04093+50074%-0407F
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4400
4700
a8in0
4990
5009
3106
5200
%300
5400
5500
600
5700
5800
5900
ADQQD
45100
5200
6300
AaN0
6300
44600
6700
4800
4900
2000
7100
2200
7300
7400
2500
2600

1)
2849
7909
8000
B100
5200
8300
34900
5509
3400
8700
RAO0
3700
Uy

TABLE 1 - (continued)

*300501-04093¢300257-04076:¢-00007-04098
#204954-00008+804735-00285+8049359-007774804958-012674804960-017568+804927-02247
*R04BA7-027514%04757-031374304578-03462+804310~03705¢803944~03888+4803568-0393¢
+303204-04031+302714-04067+802219-04085+301715-040924301239-04090+§00741~-04092
*800253-04094%-00008-04089
+304954-00004+304956-002844304956-00781:4804959-01264+8049546-01770+4304959-02249
#304954-02792+304902-032504804483-03465%804434-03872:4804193-03993:+503937-04042
#803460-040724802954-040784302461-04083+801944-04090:¢801479-04087+300970-04089
#300499-04090%300250-04093+-00008-04091
2304957-000044804953-0028484804961-00776+804955-01258+804242-017684504957-02249
+304954-02754+304935-032494804752-03646+804459-03917+804158-04041+%03702-04071
#503201-040734502714-04077+802220-04084+801714-040%0:+801242-04088+800741-04092
*&00503-040924300250-040954-00003-040%1
$804957-000044304253-00236+804961~00776+8049354-0125843049462-01748+304957-02249
*804954-027544804935-03249+504752-0306464804459-03917+504158-04041+503702-0401
+§03201-04073+802714-040774802220-04084+301714-040904501247-04083+500741-040%2
#300503-04092+4300250-04095+-00003-04091
+§04737-00004+804753-00288+4304941-00776+48049355-01258+804942-017468+8§04957~-02247
*§04954-027544304935-032494804752-03646+804459-03217+84041583-040414§03702-04071
#§03261-04073+802714-040774302220-04084+801714~-04090+801242-04088+300741-04092
*¥300503-040924800250-04095+-00003-04091
4-04962800003+-049461-002454~04974-00735+-04947-012374-04963-017194-04964-02209
4-04945-02717%-04932-031075-04820-03440%~044658-03682%-04471-03349+-04233-03982
#-03925-040394-03526-04064*~03003-04065%-02495-04072:+-01988-04081+-01500-04087
+-00976-04085+-00491-04091+-00243-040924~-00007-34071
+-04963-000004-04764-00240%-04970-007344-04943-01225%-049460-017204-04733-02199
%-04868-02679%-04777-03074%-04619-034234-04439-03650%~-04205~-03318+-03750-04003
#-03363-04055%-02996-040702-02507-04077+-01988-040824-01497-04082+-009.75-04089
%-00498-04089+-00249-04087+-00008-04089
%-049648000014-04933-00241+-04916-00736%-04B74-012324-04818-01720+~04731-02215
*=0A591-02717%-04396-031154-04152-03445+-03848-03438:+-03484-03841+4-02994-03971
%-02008-040524-01993-04079%-01495-04085+-00977-040844-00478-04071:¢-00241-04074
*-00006-04088
*-04771-00000+-04744-002434-04669-00739%-04573-01234+-04470-016544-04332-02084
$-04175-02473+-03974-02843+-03724-03189+~-03441~-034544-030465-037004-026/3-03847
#-02247-03984+-01745-04068%-01253-040872%-00748-040934-00253-04093+-00002-04033
*-04424-00004%-04345-00250%-04165-00743#-03975-012414~-03765-01727+-03527-0222¢
#-03237-027174-03014-03023%-02799-03263+~02503-03526%-02141-037414-01742-03914
+-013468-04020+-00941-04082%-00502-040904~-00207-04093%-00008--04092
*-03849-00001%-03691-002504-03479-00595+¢-03240-00939:4~03040-01302+-02755-01754
+=02518-021824-02335-02490%-02140-02834%-01945-031714-01712-03503+-01353-03813
£-00958-039944-00548-040882-00254-04093+-00009-040%1
+-03087-000014-02881-00212¢-02640-004564-02415-00678%-02143-00798+-01745--01247
r-01747-015302-01567-01845+-01402-02214+-01273-025924-01148-029734-01061-03344
1-00981-03094+-00841-03814+-00640-03974+-00428-04083+-00211-04089:4-90005-940%2
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TABLE 1 - (continued)

G100 €-02614-000013-02474-00122%-02324-00255:¢-02107-00438:-0178%-007424~-01540~00798

9200 #-01317-01306%-01161-015774-010359-018434-00949-02190+-00884-02487%-00851-02741

9300 #~00819-02988+-00788-03224%-00740-03476%-00677-03713+-00558-039494-00342-04085

Y400 *-00145-04091+-00012-04093

500 +-02042-0000464-01935-00089%-Q01741-002484-01497-00447%-012461-00648+-01071~-00838

7600 +-008463-01130+-00677-01446+-00591-01689+-00539-01952%-00311-022374-00496-0247¢

9700 «-00494-027374-00496-02784+-00496-03233%-00494-034727:4-00470-037114-00401-03923

9800 *-00258-04067%-00096-04092%-00007-04070

9900 #-01484306002+-013348-000384-01254-001674-01124-00253+4-01001-20356+-00835-00500

10000 *-00655-00670%-00529-008146+-00414-01000+-00311-01250+-00260-01522%-00230-01753
10100 +-00214-019914-00207-02238+~-00206-02488+~00197-07737+-00179-029439+-0018%-03228
10200 *-00188-03474%-00183-037164-00179-03961%-00151-04072+~-00008~04073

1G300 +-9000730000064-00004-00511%-00005-01004+-00004-01506%-00006-01789:+-00006-02491
10400 #-00005-02977%-00011-03480+-00010-0409%

108500 -1.0 -0.95 -0.9 -0.89 -0.8 =0.7 ~0.6

10400 -0.5 -0.4 -0.3 -0.2 =0.1 0.0 0.1

10700 0.2 0.3 0.4 0.5 0.9 0.7 0.8

10800 ¢.85 0.9 0.95 1.0 1
10900 0.34641 -0.27440  0.00758  0.900483  0.00198  0.00211 0.00032

11000 0.44878 -0.27447  0.01009  0.00223  0.00238  0.00389  0.09050

11100 0.52025 -0,27080 0.01227 -0.00004  0.00391 0.00368  0.00031

11200 0.58204 -0,22798 0.01064 -0.001464  0.00343  Q.00172  0.00060

11360 0.705688 -0,12377 -0.01246 -0.00275  9.00387  0,00137  0.00117

11400 0.82375 -0.03395 -0.03654 -0.00304 0.00176  0.00157  0.00030

11500 0.92477 0.03544 -0.06407 -0.00478 -0.0028% 0.00103 -9,0001% 4
11400 0.99246  0,07721 -0.09170 -0.00381 -0.00276 -0.00075 -0.00013

[REEGY 1.0302 0.0%126 -0.114683 -0.00384 -0.00079 -9.00033 ~-0.00007

11590 1.04940  0.09273 -0.14022 -0.00900 0.002%2 -0.000863  0.00099 !
IREDD) 1.05300  0.09338 -0.14479 -0.00567 0.00431 -0.00028  0.00067 !
12000 1.05300 0.09338 -0.14479 -0.00569 0.00431 -0.00028  0.00047 i
12100 1.05300 0.09338 -0.14479 -0,0034%  0.00431 -0.00023  0.00067 i
12200 1.04944  0.09401 -0.13930 -0.0043% 0.,00276 -0.00121 0.00100 i

12300 1.03303  0.08996 -0.11983 -0.00025  0,00007 -0.00130  0.00033
% 12400 0.99738  0.07939 -0.08535 0,0072 0.00040  0.00129  0.0004% i
12300 0.93959  0.05219 -0.04667 0.01319  0.00088 0.00336  0.00033 ;
12600 0.8535 0.00524 -0.00262  0.02280 0.00542  0,00347  0.0010Q1 i
0 12700 0.75006 -0.06606 0.04397  0.03767  0.00606  0.00397 0.,0vi28 '
f 12800 0.63970  -0.15895  0.07969  0.05623  0.00548 -0,00072 -0.90031

44 12900 0.58626 -0.21333  0.08316 0.06432 (.01088 -0.00076 ~-0.00297
: 13000 0.330%5 -0.27323  0.07389  0.04886  0.0172446 -0.00034 -0.003540
11800 0.47331 -0,33047  0.06755 0.05733  0.02485  0.00962 ~-0,00313

13200 0.41167 -0.41260  0.00234 j




s
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On Table 1, line 100 is simply an alpha numeric title to identify the data in sub-
sequent runs; this title is carried throughout the calculations.

Line 200: ISTl is the number of stations at which offsets are given on the
forebody, if the ship is being cut into a fore and afterbody or a parallel middle
body is being used. It is the total number of stations, if the ship is being re-
presented by a single polynominal. 1IST2 is the number of stations on the afterbody;
it is zero if there is no separate afterbody representation, KPl is the degree
minus one of the polynominal in S for the forebody or for the full length of the
ship if IST2=0., KP2 is the degree minus one of the polynomial for the afterbody
or zero if IST2=0.

Line 300: The first number is K, the total number of stations at which offsets
are given. N is the number of parameters in the mapping of the unit circle onto
the cross section; it should be chosen to be of the order of 1/2 te 2/3 the number
of offsets at each of the stations. 1In the present case N=7 is between 1/3 to 1/2
the number of offsets at the different stations. TOL is the tolerance to which an
interaction is solved., BL is the beam-to-length ratio,

Lines 400-500: IFS(I) determines the type of constraints to be used at station
I.

IFS(I) = 1. No constraints
2. Surface at station I passes through offsets
3. Slope with respect to S is zero
4, Combination of 2 and 3
5. Slope and curvature with respect to S is zero
6., Combination of 2, 3 and 5

Lines 600-700: JFS(I) is zero if AN is to be read at station I; it is 1 if AN
is to be computed.

Lines 900-1100: KT(I) is the number of offsets at station I,

Lines 1300-10400: 1IX(J) is the x-coordinate of the j-th offset at station I
in integer form, as would be obtained from a digitizer, IY(J) is the corresponding
Y-coordinate.

Lines 10500-10800: S(I) is the value of S at station I,

Lines 10900-13200: AN(I,J) is the jth value of AN at station T grouped by
stations. J=1,...,N.

MAP22 has three output files:

~J




i —mambia i e o L. —.

File BNS Table 2 contains the hull geometry matrix,

Line 100: N KPK BL

Lines 200-1500: BN(I,J) grouped by values of J=1, 2, ..., N.
I=1, «.., KPK

File ANS Table 3, contains starting values of AN for additional calculations.

Lines 100-2600: AN(I,J) I=1, KPK, J=1,,,., , N grouped by values of I,

File PRINTER is shown as File OPT in Table 4, 1t contains the data as follows:
Line 100: Ignore the 1 in this line
Line 200: Title

Line 300: "The Input Offsets,", this is a heading for several pages of input
effects. In the present example, the input effects ran from lines900 through
62500; Table 4 shows output for stationec S(I) = -1,00
S(2) = -0,95 and S(25) = 1.00. XMS is the x-coordinate and YMS is the y-coordinate,
Lines 62900-63500: show the progression of the calculation for AN(1,J), which
is typical of the iterative calculations of AN.
Line 63600: In this case, the iteration is not convergent from fourth to fifth
iteration, so the results for the fourth iteration are used.
Line 63900: Is typical of lines 63900 through 70800, The AN's for stations
2 through 25 are given in this example and line 63900 gives the values of AN at
& station I = 2,
Line 71100: MP, KPK, and IT
9 Lines 71500-72400: Gives intermediate values of a matrix BN used in the compu-
tation.
Lines 72700-7400: Gives the intermediate matrix BS
Lines 74300-75900: "The Polynomial Coefficients," these are the final values }
of the matrix BN(I,J). {
Lines 76200-85500: are typical of the computed offsets at the different sta-

Py

tions.,
Lines 201300-203900: are a printed version of the matrix A(I,J).
For the entire ship starting with just the offs:ts MAP22 requires about ten

minutes of CPU time on the Burroughs B7700; however, the example runs in less than

a minute, It is imperative that the input offsets be compared with the output off- 1
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100
200
300
400
500
600
700
800
900
1000°
1100
1200
1300
1400
1500

100
200
300
400
500
600
700
800
900
1000
1104
1200
1300
1400
1500
1400
1700
1800
1900
2000
2100
2200
2300
2400
500
2600

70"
1.05407
-2.35902
0.09199
1.30540
~0.14817
0.50034
-0.00560
1.22848
0.00609
1.64747
0.00030
0.62018
0.00096
-0.17823

0.16513
0.16513
0.3464!1
0.44878
£52025
0.58204
0.70588
0.82393
0.92477
0.99246
1.03039
1.04940
1.05300
1.05300
1.05300
1.04944
1.03303
0.99788
0.93959
0.855%
0.75006
0.53970
0.58626
0.5309%
0.47381
0.41167

TABLE 2 - HULL GEOMETRY MATRIX

1.00000
0.00948
0.99482
-0.014678
-1.17223
-0.,01482
2.46250
=0.00706
1.99487
-0.01300
3.20478
-0.01009
2.24264
0.00142
-0.08303

=0.146512
-0.163512
-0.27440
-0.27447
~0.27080
-0.22798
-0.12377
~0.0339%
0.03344
0.07721%
0.09126
0.09273
0.09338
0.09338
0.09338
0.09401
0.089%96
0.07989
0.05219
0.00524
-0.058606
-0.15695
-0.21333
-0.27523
-0.33047
-0.41260

~0.006386 -0.1796% -2.17724
1.35102 -1,27218
0.12962  0.23842 -1.43479
-0.99895  0.47241
0.27346 0.19518  0,.8567¢
~0.32998 -0.98%4¢
0.00830 0.22144 0.35303
-0.70358 -1,046058
-0.15698  0.25837  1.06743
-0.79404 -1.32815
=0.05990  0.14915  0.62418
=0.25234 -0.92001
=0.01278 -0.017256  0.05647
0.10064 0.07818
TABLE 3 - FILE ANS
-0.00003  0.00001  Q,00001
-0.00093  0.00001  Q.00001
0.00758 0.00463 0.00198
0,01009  0.00223  0.00238
0.01227 -0.,00004 0.00371
0.01064 -0.00164 0.00343
-0.01246 -0,00275  0.003587
-0.03654 -0,00304 0.00174
-0.08407 ~-0.00478 -0.00264
-0.09170 -0.005481 ~-0.00274
-0.11683 ~0.00364 -0.00079
=0.14022 -0.00500 0.00232
-0.14479 -0.00569 0.00431
-0.14479 -0.0056%9 0.00431
-0.14479 -0,00569  0.00431
~0.13950 -0.00489 0.00276
-0.1198% -0.00025  0.00009
-0.08535  0.00724  0.00049
-0.044667  0.01319  0.00088
-0.00262 0.02280  0.00362
0.04397  0.03747  0.00806
0.07949  0.05623  0.00348
0.08316 0.06482 0.01088
0.07389 0.06886 0.01944
0.06755  0.05733  0.02489
0.00234  0.00000 0.00000
22

1.30080
=0.63025
-0.34804
=0.73910

-1.09828

~0.50594

0.09382

-0.00001
=0.00001
0.00211
0.00367
0.00348
0.00172
6.00137
0.00157
0.00103
=0.00073
=0.00033
-0.00063
-0.00028
~0.00028
~0,00028
=0.00121
~0.00130
0.00129
0.90356
0.00347
0.00397
-0.00072
~0.00076
-0.00034
0.00982
0.00000

1.75289
1.62619
-2.45327
-1.28967
=2.79267
-1.83688

-0.03944

0.000%v
0.00000
0.00032
0.00050
0.00031
0.000480
0.00117
0.000890
=0.00013
=0.00013
~0.00007
0.00099
0.00067
0.00047
0.00067
0.00109
0.00043
0.00049
0.00033
0.90101
0.00128
=0.00031
=0.00297
-0.00540
=0.00313
0.00000

PR
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100 1

200 SSFA MODEL 720

300 THE INPUT OFFSETS

400

500

400

700

800

900 XNS

1000

1100

1200 0.00000

1300 0.00000

1400 0.00000

1300 0.0009Q0

1400

1700

1800 XHS

1900

2000

2100 0.088642

2200 0.08216

2300 0.07691

2400 0.07043

2500 0.06681

2600 0.06237

2700 0.05793

2800 0.05329

2900 0.04885

3000 0.04380

3100 0.03694

3200 0.028644

3300 0.01958

3400 0.01292

3500 -0.00020
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TABLE 4 - PRINTER FILE FOR MAP22

I Sty

Yis

0.00000
-0.10093
-0.20184
-0.33024

YHNS

~0.00101
=0.05491
-0.10315
-0.15442
-0.20226
-0.25192
-0.3033¢9
-0.35386
-0.40210
~0.45135
-0.50343
=0.55349
-0.40174
-0.62333
-0.62394

S( 1)=-1.00

§( 2)=-0.95

IR
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TABLE 4 -~ (continued)

72100 0.28630  0.27041  0.22098  0.18581  0.16476 0.13734  0.12724  0.10580  0.10091  0.08374  0.08163
72200 0.10726  0.04867  0.06766  0.03778  0.05217  0.03124  0.04160 0.02643  0.033%6  0.0226%  0.02822
72300 0.03199  0.00357  0.02218  0.00188  0.01615  0.00151  0.01279  0.00174  0.01062  0.00198  0.00906
72400  -0.00032 -0.01164 -0.00578 -0.00984 -0.00564 -0.00807 -0.00503 -0.00661 -0.00434 -0.0054% -0.0037¢
72500
72400 s
72200 THE MATRIX BS |
72800 :
72900 E
. 73000 25.00000  0.00000 10.95000 -0.00000 7.73963 0.00000 6.18129 -0.00000 5.22645  0.00000 4.57409 i
73100 0.00000 10.95000 -0.00000 7.73943  0.00000 6.18129 -0.00000 5.22645  0.00000 4.574.®  0.00000 i
73200 10.95000 -0.00000 7.73963  0.00000 6.18129 -0.00000 5.22645  0.00000  4.57409  0.00000  4.10006 -
73300 -0.00000 7.73963  0.00000 6.18129 -0.00000 5.22645 0.00600  4.57409  0.00000  4.10006  0.00000 -
73400 7.731963  0.00000  6.18129 -0.00000 5.22645  0.00000 4.57409  0.00000  4.10006  0.00000  3.72145

73500 0.00000 6.1B129 -0.00000 5.224643  0.00000 4.57409 0.09000  4.10006 0.00000 3.74163  0.00000
71600 6.18129 -0.00000 5.22645 0.00000 4.57409  0.00000 4.10006  9.00000 3.74165  0.00000  3.446290
737200 -0.00000 5.22445  0.00000 4.57409 0.00000 4.100064 0.00000 3.74165 0.00000  3.46290 -9.00000
73800 $.22645  0.00000 4.57409  0.00000 4.10006 0.00000 3.74165  J.00000  J.46290 -0.00000 3.24141
; 73900 0.00000  4.37409  0.00000 4.10006  0.00000 3.74165  0.00000  3.46290 -0.00000 3.2414% -0.00000
_ 74000 4.57409 0.00000 4,10006 0.00000 3.741465  0.00000 3.46290 -0.00000 3.24141 -0.00000 3.06237

25

74100
74200
74300 THE POLYNONIAL COEFFICIENTS
74400
74500
74600 J = 1 1.05407 0.00946 -0.06386 -0.17949 -2.17724 1.30080 1.75289 -2.35902 0.79482  1.35102
74700 -1.27218
74800 J = 2 0.09199 -0.01478  0.12962  0.23842 -1.63679 -0.65025  1.42619  1.30540 -1.17223 -0.99595
74900 0.67261
. 75000 J =3 -0.14817 -0.01482 0.27346  0.19518  0.85676 -0.34804 -2.45327  0.50034  2.44250 -0.32998
w 75100 -0.98944
M 75200 J = 4 -0.00560 -0.00706 0.00830 0.22146 0.35303 -0.73910 -1.28947  1.22843  1.99487 -0.70358
75300 -1.06058
75400 J = 5 0.00609 -0.01300 -0.15698 0.25859  1.06743 -1.09828 -2.79287  1.64747  3.20478 ~0.779404
3 75500 -1.32815
! 75600 J =6 0.00030 -0.01009 -0.05990 0.14915  0,42418 -0.304594 -1.38488 0.42018  2.24264 -0.25234
, 75700 -0.92001

75800 4 =7  0.00096 0.00142 -0.01278 -0.01736 0.05647 0.09382 -0.03764 -0.17823 -0.08303 0.10064
75900 0.07818




76000
76100
76200
76300
76400
76500
76600
76700
74800
76900
77000
77100
772200
77300
77400
77500
77600
77700
77800
77900
78000
78100
78200
78300
78400
78500
784600
78700
/8800
78900
79000
79100
79200
79300
79400
79500
79600
79700
79800
79900
80000
80100
80200
80300
80400
80300
80600
80700
30800
80900

TABLE 4 - (continued)

X

-0.00200
-0.00197
-0.00187
-0.00171
-0.00150
-0.00126
-0.00101
-0.00076
-0.00054
-0.00033
-0.00021
-0.00013
-0.00011
-0.00014
-0.00022
-0.00033
-0.00046
-0.00059
-0.00069
-0.00076
-0.00077
-0.00072
-0.00061
-0.00043
-0.00020
0.00006
0.00034
0.00062
0.00087
0.00108
0.00122
0.00130
0.00130
0.00122
0.00109
0.00091
0.00070
0.00048
0.00028
0.00010
-0.00003
-0.00011
-0.00013
-0.00012
-0.00007
0.00000

26

Y

0.00000
-0.01188
-0.02373
-0.03552
-0.04721
-0.05879
-0.07024
-0,08153
-0.092647
-0.10345
-0.11444
-0,12512
-0.13543
-0.14598
-0,135620
-0.16627
-0.17620
-0,18597
-0.19354
-0.20477
-0,21415
-0.22310
-0.23174
-0.24011
-0.24813

-0.,25579

~0.26307
-0.26993
-0.274644
-0.28253
-0.28824
-0.29356
-0.29833
-0.30315
-0.30744
-0.31141
-0.31504
-0.31839
-0,32140
-0.32406
-0.32637
-0.32829
-0.32982
-0.33092
-0.33159
-0.33181

S§( 1)=sussht
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81100
81200
51300
81400
81500
81600
317290
531800
819090
32000
32100
42200
82300
32400
32500
32600
32700
82800
82900
23000
83100
33200
83300
33400
33500
33500
B37200
133800
53700
34000
84100
84200
84300
34409
34500
84400
84700
84800
54900
85000
35100
#5200
25300
35400
85500

TABLE 4 - (continued)

X

0.0924¢
0.09204
0.09081
0.08883
0.08627
0.08322
0.07789
0.07044
0.07304
0.06983
0.06693
0.08441
0.06229
0.06055
0.05914
0.05797
0.0069%92
0.05589
0.05477
0.05346
0.05187
0.05003
0.04787
0.04544
0.04280
0.04003
0.03721
0.03444
0.03182
0.02940
0.02723
0.02534
0.02272
0.02232
0.02109
0.019%6
0.01883
0.01741
0.01624
0.01464
0.01279
0.0106%5

27

Y

0.09000
-0.01806
-0.03428
-0.05481
~-0.07376
~0.09321
~0.11319
-0.13348
-0.15441
-0.17587
-0.,19732
-0.21880
-0.24013
=0.26113
-0.28172
-0.3017¢0
-0.32102
-0.3394%5
=0.35756
-0.37430
-0.3%141
-0.40747
=0.4230%
-0.43823
-0.453064
-0.46758
-0.46180
-0.49558
~0.50918
-0.52222
-0.5347¢0
~0.54653
-0.55759
-0.56780
-0.57707
-0.3893%
=0.59261
-0.55886
-0.60412
-0.60845
-0.61192
=0.61461

S 2)=-,9300
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2014800
201300
201400
201500
201400
201700
201800
201900
202000
202100
302200
202300
202400
,‘ 202500

i b LA A

202400

202700
1 202800
202900
203000
203100
203200
203300
203400
203500
203600
203700
203800
203900

o

ANCI . )

0,165
0.34432
0.44933
0.52158
0.58279
0.70380
0.82412
0.92493
0.993722
1.03136
1.04730
1.05244
1.05407
1.05399
1.04899
1,03248
0.99791
0.93919
0.85530
0.75152
0.63963
0.584644
0.53079
0.47541
0.41105

TABLE 4 - (continued)

-0.16644
-0.27111
-0.294868
=0.27320
-0.22889
-0.12268
-0.0305?
0.03424
0.07303
0.09142
0.094630
0.09457
0.09199
0.09168
0.09302
0.09140
0.08055
0.05292
0.00412
-0.06681
-0.15837
-0.21171
-0.27047
-0.33642
-0.41078

-0.00086
0.00894
0.01181
0.01079
0.0068%

-0.00905

-0.03445

-0.04531

~0.09475

-0.11833

-0.13450

-0.14406

-0.14817

-0.14664

-0.13752

-0.11817

-0.08729

-0.04456

-0.00089
0.04288
0.07622
0.08440
0.08140
0.05972
0.00449

0.0001%
0.00412
0.002464
0.00013
-0 00171
-0.00303
-0.00336
-0.00413
-0.00493
-0.00513
-0.00492
=0.00499
=0.00360
-0.00597
-0.00464
~0.00949
0.00629
0.01442
0.02349
0.035612
0.05573
0.06398
0.05994
0.053556
0.00054

-0.00022
0.00232
0.00294
0.00375
0.00479
0.005350
0.00263

<0.90167

~0.00377

-0,00198
0.00221

0.005453
0.00409
0.00358
0.00947
0.00044
0.00142
0.00397
0.00419
0.00279
0.00487
0.01310
0.02025
0.02147
0.00126

-0.00062
0.00372
0.00338
0.00229
0.00127
0.00217
0.00206
0.00058

-0.00074

-0.09112

~0.00023
0.00063
0.00030

=0.00110
~0.0Q21¢9
~0,90137
0.00162
0.90485%
0.00534
0.002¢7

-0.00034
0.00008
0.00239
0.00543
0.00128

9.0000/
0.00014
0.00049
0.00030
0.00097
0.00039
0 00053
0.00017
0.00001
0.00007
0.00034
0.00071
0.00074
0.000946
0.09479
0.00037
0.00029
0.00067
0.00128
0.00113
=0.001C0
-0.0027
=0.00427

=0.00414

0.00025




sets and different values of KPK are tried in order to get the smoothest represent-

ation in the lengthwise direction. Three or four runs should be sufficient to

develop a good choice of KPK.

3.2 TBL18

The primary output from this program is the boundary-laver parameters obtained
using the small cross-flow assumption, Input data is entered either through the
keyboard in answer to prompting from the computer, or it is read from one of two
stored files: File 8 TITLE = "BNSAL" is the BNS file created by MAP22; FILE 10
TITLE = "TBLINP" is a file created by the present program during a previous run,

The example form of TBLINP is shown in Table 5,

Line 100: 40 is the free stream velocity U

Line 200: 1is the beam~to-length ratio BL

Line 300: NSTAT the number of stations at which the boundary laver is

calculated,

Line 400: S1, S2 the first and last stations in the calculations.

Line 500: NTH, the number of streamlines being used.

Lines 600-2100: THATA values of the streamlines at station S1.

Lines 2200-3700: 1initjal values of H, #

Line 3800: Reynolds number RE

11° tan B for each value of THATA.
File BNS is read first and is printed at the terminal, so a quick glance can
determine if the correct file was loaded. Table 6 shows the terminal displav as
it should appear after going through all the computer prompts, The computer tirst
prompts you fcr a choice of input method: Fnter 1 if the input data is on cards,
2 if it is to come from the terminal, and 3 if it is to be read from TBLINP, If
you choose 1 or 3, you merely wait for the program to finish; if vou choose 2, the
computer will prompt vou to enter U0, It prompts vou by displaving the desired
variable with an equal sign, some space, and the format; in the case of 1'0 one pets
U0O=1F10.5 Simply enter a space and 40,0, and it responds with 40,00000, The (om-
puter will then prompt vou for the remaining variables Bl, NSTAT, S1, ot. These
are the variables that are previously described under FILE TBRLINP., In running the
example for the first time, have Table 5 next to vou and simplyv tvpe the number.
from {t.
In general the choice of # values depends on how the streamlines behave at

the other stations. If they converge too closely in a repgion ©f interest addi-

29




100
200
300
400
500
600
700
800
QU0
1000
1100
1200
1300
1400
1500
1600
1700
1600
1940
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
JC00
3100
$2v0
3390
3400
3800
3600
3200
3800

TABLE 5 - FILE TBLINP

40.00000
¢.141350
21

-0.69000
16
0.00000

-0.10422

-0.20944

-0.31416
-0.418438
-0.952360
-Q0.62832
-0.73304
-0.83776
~0.94248
-0.04720
“1.15192
-1.235064
-1.346138
-1.46408
-1.579080

1.39000
1.80000
1, 50000
1.80000
1,80000
1.80000
1.80000
1.80000
1.80000
1eaou00
1.50000
1.80000
1.30000
1,a0000
1.8000v
1.80000

0.60000

0.00040
£.00040
0.00040
0.00040
0.00040
0.00040
0.00040
0.00040
9.00040
0.00040
0.00040
0.00040
0.00040
0.uuL a0
0.00040
0.00040
1600000.0

0.00000
0 NG00
0.00009
0.00000
0.00000
0.09000
0.00000
0.00909
0.00000
0.00009
0.02030
0.0000v
0,00002
0.00900
0.0002)
0.02000




7?7 1
1.05407  0.00944
! =2.33902 0.99482
0.0%199 -0.01478
1.30540 -1,17223
=¢ N2 -0.01482
0.30034  2.44250
=0.00560 -~0.00706
1.22848  1.99487
0.00609 -0.01300
1.64747  3,20478
0.00030 -0.01009
0.42018  2,24264
0.00096 0.00142
=0.17823 -0,08303
"LPT DENOTES THE TYPE OF INPUT
NINPT=t CARD DATA
2 REMOTE
3 STORED DATA
NINPT 11
L2
2
Uy= 1F10.3
a 40.0
40.00000
BLs 1F10.3
0.14150
0.1415¢0
NSTATs 115
21
21
s1 82
-0.4 o.‘
=0.40000 0.460000
NlH= 119
18
14
TTn= 1F10.9
0.0000
-0.10472
-0.20944
~0.34141¢
-0.41888

——————- " } .
e o FN

TABLE 6 - TERMINAL DISPLAY FOR TBL18

SSPA MODEL 720

-0.046386
1.35102
0.12962

-0.99895
0.27346

-0.32998
0.00830

-0.70358

-0.15498

-0.79404

=0.05990

-0.25234

-0.0i278
0.10044

7F10.8

~0.17969
-1.27218
0.23842
0.47261
0.19518
-0.98944
0.22146
-1.06058
0.2585¢
-1.32815
0.14915
~0.92001
=~0.01756
0.07813

~2.17726
~1.63679
0.85676
0.35303
1.06743
0.62418
0.05647

1.30080
-0.65025
~0.34804
=0.73910
-1.09828
«0.505%4

0.09382

1.75289
1.62619
~2.45327
~1.28947
~2.79267
~1.88688

~0.03964




TABLE 6 -~ (continued)

BETE 3IF10.5

-0.52340
-0.42832
=0.73304
~0.83774
~0.9248
=-0.04720
".15‘92
-1.25664
~1.36134
=1.44408
-1.57080
0.00000
=0.10472
-0.20944
-0.34142
-0.41888
-0.352340
-0.42832
=0.73304
-0.83724
=0.92480
~0.04720
-1.15192
-1.25444
~1.,36134
=1.446408
=1.35708¢
He THMB
1.80000 00,0004 0.0
1.80000 0,00040 0.00000
1.8 0.0004 0.0
1.80000 0,00040 0,00000
1.8 0.0004 0.9
1.80000 0,00040 0.00000
1.8 0.0 0.0
1.80000 0,00000 0.00000
1.8 0,0004 0.0
1.80000 0.00040 0.0:900
1.8 0.0004 0.0
1.80000 0.00040 0.00000
1.8 0.0004 0.0
1,80000 0.00040 0.00000
1.8 0.0004 0.0
1.80000 0.00040 0.00000
1.8 0.0004 0.0
1.80000 0.00040 0.00000
1.8 0.0004 0.0
1,000 AAc s A Asar
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TABLE 6 - (continued)

1.8 0.0004 0.0
1.80000 0.00040 0.00000
1.8 0.0004 0.9
1.80000 0.00040 0.00000
1.8 2.0004 0.0
1.80000 0.00040 0.00000
1.8 0.0004 0.0
1.80000 0.90040 0.00000
1.8 0.0004 0.0
1.80000 0.00040 0.00000
1.8 0.0004 0.0
1.80000  0.00040 0.00000
REs 1F20.1
1400000.0
1600000,0
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tional streamlines should be presented. The initial boundary layer parameters
have to be determined experimentally at this time. Interval size should be halved
and the solution repeated until it converges, since the integration method is the
simple Fuler method.

In the process of entering the data from the terminal the computer creates

FILE TBLSAVE. This file is exactly FILE TBLINP with a different name; thus, once
a set of data has been entered it is saved. If you are nearly finished entering
data and an error is made simply continue with the rest of the entries and make
editorial correctiors to TBLSAVE.

All the computational results are output to the printer, Table 7 shows the

output for the example case.

Line 300: 1INPUT signifies that the lines between 300 and 2300 zre the input
data.

Line 500: N is the number of parameters used in the mapping, and KPK is the
degree plus one of the longitudinal polynomials, which are used to
interpret the mapping parameters. Here, as before, BL is the beam-
to-length ratio,

Line 600: NTH and NSTAT

Line 700: S1 and S2

Lines 800-2100: present the components of the matrix BN(I,J).

Line 2300: Alpha-numeric Title identifying the data

The remaining dataare organized by station and are tabulated in twenty columns

each headed by the variable name. Lines 49600-54000 show the example data for
station S = -0,0286,

TH 8 coordinate of streamline measured from x-axis
X  x-coordinate of the streamline
Y y-coordinate of the streamline
CP pressure coefficient
PSI 3p/3S rate of change in pressure along streamline
DTDS df/ds
R metric along the streamline
K1 geodesic curvature of the streamlines
K2 geodesic curvature of the orthogonal trajectories to the streamlines

PHI potential at (S,0)
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H shape parameter

TH11 911
DE H 611
BETA 8

CF coefficient of skin friction

RS not used

RTH local Reynolds number

CFW  skin-friction coefficient in normal direction
CFB skin-friction coefficient in crossflow direction

CFS skin-friction coefficient in streamwise direction

3.3 TBL3D

The primary output from TBL3D are the surface coordinates, distance metrics,
and geodesic curvatures. The actual operation of the program is very similar to
the operation of TBL18. Input data is entered either through the keyboard in re-
sponse to the computer's prompting or it is entered from one of two stored files:
FILE 8 TITLE = "BNSAL" is the BNS file createé by MAP 22, FILE 10 TITLE = "TBL3DINP"
is a file created by the present program during a previous run,

The example form of TBL3DINP is shown in Table 8,

TABLE 8 - FILE TBL3DINP

100 0.14150
200 -0.60000
Joo 0.60000
400 21
500 14

Table 8: File TBL3DINP
Line 100: BL
Line 200: START value of S at initial station
Line 300: SFINIS value of S at final station
Line 400: NSTAT number of stations
Line 500: NTH number of 8-values used
There is no reason to enter the 8-~values as they are equally spaced from O to
-n/2.

Since one does not have to enter 8 or the initial boundary layer parameters,
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the initial run with this program is simpler than it is with TBL18. Table 9 shows
the terminal display as it would appear for TBL3D after going thiough an initial
run with it. Again the same menu for NINPT. One then enters a 1, if a BL other
than 1 is to be used followed by BY, START, SFINIS, NSTAT, and NTH. After the
computer responds with the value of NTH, 16 in this case, it prints the NTH values
of 6.

In general, several values of NTH should be tried such as 20, 30, 40, and 50
to check the accuracy of the final calculation., The number of stations should be
chosen experimentally after examining the results from TBLSOL. Making several runs
with NTH = 20 and NSTAT chosen so that AS = 0,050, 0,025, 0.020, and 0,010 should
provide a good feel for how the solution behaves with respect to AS. If some area
needs further refinement of the grid in the s-direction for convergence, the pro-
gram can be run just for this area with appropriate choices of START and SFINIS.

The output file TBLSAVE is created in the process of entering the data from
the terminal; it is exactly TBL3DINP with a different name.

All the computational results are saved in TBL3DOPT and also an identical copy
on the PRINTER file. Table 10 shows typical output, ;

Line 100: identifies the data

Line 200: N, KPK, BL

Line 300: START, SFINIS, NSTAT, NTH

Line 400: Station number, value of S at the station

Except for lines 400, 5300, and 6200, lines beginning with 1, 2, 3 have the

following interpretation:

1 X y 8 u \
2 w u¢ Uy u S
3 K¢ Ke H F G

The values (x, y, 8, S) are the respective coordinates of the grid point. u,
v, w, are the inviscid velocities of the fluid in the (x, y, s) coordinate system;
u¢ and u, are the velocities in the ¢ and 6-directions respectively, while u is a
normal velocity to the surface. Since the inviscid velocities are obtained :ere

©
geodesic curvatures. H, F, and G are functions used in computing the metrics of

with slender body theory, vy is not identically zero. K¢ and K, are the respective

the surface coordinates and are defined in Equations (22) and (23).
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TABLE 9 ~ TERMINAL DISPLAY FOR TBL3D

SSPA MODEL 720

7 11 1.00000 ,
1.05407  0.00946 -0.06386 -0.17949
"2.35902  0.99482  1.35102 -1.2721g
0.09199 -0.01678  0.12962  0.23842
1.30540 -1.17223 -0.99895  Q.47241
-0.14817  -0.01482  0,27344  0.19518
0.50034  2.46250 -0.32998 -q.9894¢
-0.00560 -0.00706  0.00830  0.22144
1.22848  1.99487 -0.70358 ~-1,04058
0.00609 -0.01300 -0,15698 0.25g50
1.64747  3.20478 -0.79404 -1,32815
0.00030 ~0.01009 -0.05990  0,14995
0.62018  2.24264 -0,25234 -0.92001
0.00096  0.00142 -0,01278 -0,p1754
-0.17823  -0.08303  0,10064 0.0781g
NINPT LENOTES THE TYFE OF INPUT
NINFT=1 CARD DATA
2 RENQTE
3 STORED DATA
NINPT 119
#?
2
DO YOU WISH TO CNTER NEW BL?
IF YES TYPE 1 NQ TYPE ¢
1
BL=  1F10.5
0.1415
0.14150
START= 1F10.5
-0.4
-0.60000
SFINIS: 1F10.5
0‘6
0.40000
NSTaT= 113
21
21
NTH= 113
14
16
0.00000 -0.10472 -0.20944 -0.3141¢
“0.73304 -0.83776 -0.94248 -1.04720
=1.46608 -1,57080

~2.17724
~1.63679
0.8567¢
0.35303
1.06743
0.62418

0.05647

-0.41888
-1.15192

1.30080
-0.85025
-0.34804
-0.73910
-1.09828
-0.50594

6.09382

=C.52340
-1.25644

1.75289
1.62619
-2.45327
-1.28947
-2.79247
-1.85488

-0.03964

-0.482832
=1.3613¢4
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100

200

300

400

500

600

700

800

900

1009
1100
1200
1300
1409
1500
1600
1700
1860
1900
2000
210¢
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3200
3300
3400
3500
3400
3700
3890
3900
4009
4100
4209
4300
4400
4560

~0.60000

TABLE 10 - FILE TBL3DOPT

S5PA MODEL 720

7 1
0.60000

1-0.60090¢C

N = N

PR == N = AN~ Gl D) = G R~ N = DD = G R et Gl N = G N w GRS = G N =

.1076487E+00
10151928401

-.1746801E+01

.1070745E+400
«1013320E+01
-.1503672E+01
<1035012E+00
«1008394E+01
-.9778611E+00
-1032734E+00
.1002341E+01
-.4966123E+00
.10058B3E+00
W9977760E400
~.2271720E+00
<9729948E-01
9979270E+00
~.2092135E+00
.2300203€-01
.1005483E+01
-.3959048E+00
.8731204E-01
.1017983E+01
-.6347227E400
.8008766E-01
10290467E+01
-.8234540E+00
+7144016E-01
.1034453E+01
-.1024584E+01
.6158783E-01
.1041305E+01
-.1324703E+01
LS071863E-01
L1042697E+01
-.1759850E+01
.3896382E-01
-1040407E+01
-.2265229E+01
.2645479E-01
.1035503E+01

0.14150
21

0.

.1039358E+01

0.
~-.1383975E-01

. 1038446E+01
-.1295564E400
.2772837E-01
«1035967E+01
+2079391E400
+4142935E-01
1032607E+01
«2322699E+00
.9440810E-01
21029084E+01
.2369821E+00
-.6610241E-M
.1025890E+01
-.2620306E+00
=.76230909E-01
102325 E+01
-.3209G01E+00
-.8487507E-01
«1021275E+01
-.3778387E+00
~.9231333E-01
«1020127E+01
-.3865944E+00
-.9876676E-01
«1020007E+01
~.3442213E+00
-.1042907E+00
.1020983E+01
«27819463E+00
.1088297E+00
.1022812E401
<2162065E+00
L1123276E+00
-1024973E+01
«1680927£+400
1147821E+00
.1026B84E+01

16

ol
0.

.1024330E+01

-.1047198E+00

1965947E-92
1025467E+01
-.2094393E+00
«83533613E-02
.1027713E+01
- 3141593E+Q0
«3647421E-01
«1029947E+01
-4188770E+400
+81000211-01
«1031042E+01
.9239988E+00
L1381673E400
1030629E+01
«6283185E+00
L1975933E+400
.1028985E+01
.7330383E+00
<2421879E+00
J1026544E+01
.8377580E+400
.2648933E+00
L1023553E+01
.9424778E+30
»2720005E+00
.1020059E+01
.1042198E+01
«2670684E400
10161 1HEHOL
LA151917E+01
.24729435E+00
L1011814E+01
«1256637E+01
<2091745E+00
L1007493E+01
- 13613576401
-+ 1524454E400

t

40

.2228504E+00

-.3304451E-02
0.

.2260201E+00

~. 27491 63E-02

7161124893
.2319952E+00
~.19384473E-02
.1298230E-02
.2340332E400
~-.5599877E-03
. 1340198E-02
«2253337E+400
L9415959E-03
.2899263E-03
.1966538E+00
5000537E-03
-.21190758E-02
-13989562C+00
- 1257294E-02
=.5511206E-02
.6810752E-01
.3708440E-02
-.9095525E-02
7477G00E-02
.5146658E-02
1207957E-01
. 35467395E-01
<9376520E-02
. 1407044E-01
L6534221E-01
.4768331E-02
.1479069E-01
.8108497E-01
L3081, 0 L-02
JA477011E-01
»B049241E-01
«213323%E-02
LA319614E-01
-.6403464E-01
-.9640050E-03

i

i

1

0.
=.46000000E+00

«1319585E+00

-.2191698E-01
=.6000373E+00

«132923%E+00
= .9121243E-01
-.6001429E+00

JAIINIG7E+D0
-.9026146E-01
~.6002810E400

«1305185E+090
- 1386364E+00
=.6003643E+00

SA218179E+00
=.1923716E+00
-.6002711E+00

11021326400
~.2356202E+00
~.9798771E+00

1011159 +00
-.2464628E+00
-.5971074E+00

.9853563E-01
= 227 6IH2E D0
-.5979988E+00

-10135647E+Q0
= 196231 3E+00
= 9964297E+00

- 1065337E+400
= 1586447E+00
- 5951080E+00

LAN133T6E+00
-.1162588E+0¢
= 97354 7E+00

+1158369E+00
~. /55039601
=.5920854E+00

«1203060E+00
=.3700986E-01
. 9908874E 400




4500
4700
4800
4900
5000
5100
5200
3300
3400
3500
5600
5700
5800
3900
6000
5100
6200
6300
4400
6500
5400
4700
6800
6900
7000
7100
7200
7300
7400
7500
74690
7700
7800
7900
8000
8100
8200
8300
8490
8300
8600
8700
8800
8900
9399

3
1
2
3
1
2
3
2_.
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1

-.2774616E+014
. 1338044E-01
L1030611E+01

-.3155131E+01

-.3423824E-11
.1028565E+01

-.3296611E+00

0.540000
L1195187E+400
+1033713E+01

~. 1740499E+01
LA191601E400
.1032026E+01

-.1318471E+01
.1180539E+00
1027007E+01

-.9943291E+00
1142987E+00
L1019780E+01

~.4560700E+00
L1138514E+00
.1012894E+01

~.1365952E+00
1104692E400
1009655E+01
~.1269327E+00
LA057922E+00
21012270E+01

-.318449BE+00
L9953330E-01
.1019080E+01

-.4661877E+00
.3161038E-01
.1026277E+01

-.5293835E+00
+8212441E-01
.1032070E+01

-.68245672E400
«7123166E-01
L1035474E+00

-.1017473E401
.5904541E-01
.1033281E+01

-.14465833E+01
«4564362E-01

TABLE 10 - (continued)

- 1236439E+00
-.11462293E+00
.1028144E+01
-.6822705E~01
- 1167067E400
.1028372E+01
JA903118E-10

0.
.1048012E+01
0.
-.1535795€E-01
.1047081E+01
-.4281959€-01
-.3042280E~01
10444188401
-.8043367E-01
-.4431263E-01
.1040483E+01
- 1161479E400
-.580804%9E-01
.1035865E+01
-.14631849E+00
-.6985761E-01
LA051139E+401
-.23492946E+00
~.8000459E-01
.1026784E+01
=.3224631E+00
.8862767E-01
<1023169E+01
.386147BE+00
~.9994043E-01
. 1020569E+01
«3977186E400
»1020975E400
L012121E401
.3690B10E+00
1071360E+00
.1018731E+01
L327379E+00
111C407E400
.1019042E+01
.2884922E+00
L113B42{1E+00

1

«10034645E+01
~.1466077€+01
-.8053472E-01

«1¢00930E+01
- 15707946E+01

«2101379E-10

.1000008E+01
0.

0.

.1014791E+01
~.1047178E+00

.1461010E-01

<1015801E+01
-.2094375E+00

< 1453239E-01

.1018293E+01
-.3141593E+00
-.6934500E-02

.1020887E+01
-.4188790E+00
~.4796494E-01

L1022421E+01
-.5235983E+00
=.1013624€400

. 1022553E+01
~.62831809E+00
- 1353451E+00

1021643E+01
-./330383E+00
=.1970950E+09

+1020180E+01
-.B8377580E+090
~.2229923E+400

. 1018335€+01
-.9424778E49
-.2359342E+00

S1015992E+09
-.1047198E+01
~.2349075E+00

1013031E+01
= 1131917E+01
=.2159651E400

.1009573E+01
=, 1256637E+01

-.1006735E-01
~.3535184E-01
-.3055445E~03
~-.5482609E-02

L9717779E-11
=.1119698E-03

.1400673E-11

1726273E400
.5734943E-02

LA772038E+09
.3399279E-02
.2332992E-02
.1877014E+00
LS038358E-02
.4022324E-02
L19572446E+00
«3939546E-02
+3873435E-02
.1928338E+00
=.2676672E-02

.2080112E-02

»16893534E+00
~.20150465E-02
-.9208378E-03

11975548400
-.2435138L-02
= 44N 291E-02

.9818337E-01
-.3464412E-02
-.8029229E-02

.3955355E-02
~-.4124788E-02
-.1112082E-01
~.3674202E-01
~.4142793E-02
-.1351804E-01
-.6320235E-01
=.35100463E-02
~.1498298E-01
=.7316435E-01
-.2411822E-02
= 1517921E-01
~.6700109E-01

1

1243714E+00
~.1254040E-01
.5900534E+00
-1272438E+00
.3919891E-02
-9897664E+00
.1282839£+09

0.

.5400000E+00
«1470473E+00
«12086574E-01
L5401324E400
1459863400
. 3271367E-01
.5404757E+00
. 1420643E+00
«6581593E~-01
.5408890E+00
-1343139E+00
.1103753E+G0
.9412007E+00
J1231138E+00
J1599221E+490
L5412615E+00
SH113327E400
<1984719E+00
«9409783E+00
«1033845E+00
L2073423E+00
«5403230E+00
.1012803E+00
L1950477E400
+3393205E+00
L1058141E+CO
«1666526E400
.33803086E+00
L1120845E+00
J1296369E+00
L9365364E+00
«119303802+00
.8707492E-01
5349592E+00
«1273743E4+00
«95243209E-01

]

1

]

{

{

{

t




3.4 CBLGEO

CBLGEQ sets up the panels for the potential calculation., It computes the
(S, x, y) coordinates of the panel corners and stores these values in FILE 7
TITLE = "CBL3DOPT".

Input data is again entered through the keyboard in response to the computer's
prompting or it is entered from one of two stored files: FILE 8 TITLE = "BNSAL",
the BNS file created by MAP 22, or FILE 10 TITLE = CBL3DINP", a file created by
the present program during a previous run, This latter file has the same entries
as TBL3DINP,

Table 11 shows the example problem being run from the terminal with entries
made remotely NINPT = 2, Note that there is no need to enter START or SFINIS as
these values are set by the program., After NTH = 10 is entered and echoed the ten
values of B are printed at the terminal,

' i There are two output files: FILE 11 TITLE

"CBLTAPE" and CBL3DOPT.
CBLTAPE is created in the process of entering the data from the terminal; it is
exactly CBL3DINP with a different name. CBL3DOPT contains all the panel data to
be passed onto the potential program. Table 12 shows the output for the example
case, Only the first four panels are shown.

Line 100: identifies the data

Line 200: N, KPK, BL

Line 300: START, SFINIS, NSTAT, NTH

Line 400: 1 first panel

Note that lines 400, 1000, 1600, 2200 give the panel number for the next five
lines of data. Lines beginning with 1, 2, 3, 4, and 5 have the following nomen-

clature:
1 S(1) x(1,J) y(1,J) TTH(J)
2 S(I+1) x(I+1,.0) y(IH,J) TTH(J)
3 S(1I+1) x(I+1, J+1) y(I+1, J+1) TTH(J+1)
4 S(1) x(I, J+1)  y(I, J+1)  TTH(J+1)

5 SE(MD) XE(MP) YE(MP) TTE(MP)

P3P




TABLE 11 - TERMINAL DISPLAY FOR CBL

SSPA MODEL 720

A R 1,00000
1.05407  0.00946 -0.046386
-2.35902  0.99482 1.35102
0.09199 -0.01678  0.12942
1.30540 -1.172223 -0.99893
-0.14817 -0.01482 0.2734¢
0.30034  2,46250 -0.32998
-0.00560 -0.00706 0.00830
1.22848 1.99487 -0.70358
v.00609 -0.01300 -0.135698
1.04747  3,20478 -0.79404
0.00030 -0.01009 -0.05990
0.62018  2.24264 -0.25234
0.00096 0.00142 -0.01278
-0.17823 -0,08303  0.10064
NINPT DENOTES THE TYPE OF INFUT
NINFT=1 CARD DATA
2 RENOTE

3 STORED DATA

WINPT
#?
7

1

10 Yuu WISH TO ENTER NEW BL?
IF YES TYPE 1| NO TYPE O

pl= 1F10.9
G.1413

0.14150
H5TAT= 113

2%

29
HIH= 113

10

10

0.00000 ~-0.17453
-1.22173  -1.,39626

-0.34907
-1.57080

~0.17949
-1.27218
0.23842
0.67241
0.19518
-0.98944

C0.22144

-1.046058
0.25859
-1.32813
0.14915
-0.92001
-0.01754
0.07818

-0,52360

43

-2.1772¢
~1.63879
0.85676
0.35303
1.06743
0.62418

0.05647

-0.49813

1.30080
-0.65025
-0.34804
-0.73910

-1.09828

0.09382

-0.872246

1.75289

1.62619

-2.45527

=2.79242

-1.88488

-0.03764

-1.04720




-

1C.
v
1Ce
Ll
SCv
€L
700
fCu
9CU
1CCO
11C6
12¢C0
13C0
14Cy
1500
1eCV
17¢v
15C¢C
19C9
r4n av
21C0
22¢9
230y
24C0
25CC
¢6Cu
27Cu

=1.CLul Laeo
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TABLE 12 - PILE CBL3DOPT

=1.02C00.
“0.Y1€n14
“0.71¢57
-1.(4‘)(0\3
=3.95233

“1.C0700)
.0.91‘97
“C.71F€7
=l.(z0ue
=0.95F23

=1.¢2C0C!
“C.¥1F57
.3091‘.’::‘
=1.08737
“0e95£32

o PR
=C.v1E67
*Ceytfal
*l.iol00
=Je33E33

44

fL.ufeed
T.0171
".21E8?
C.urrh
2.20279

’T.OC.’-J
Te21662
ZTeN1474
f.02000

(30712

ce.0CNCl
Tel1474
t.0137M
CeNCUN
C.20¢41

RN A
LI T A
RNV

“C.N6'1]

“C L E22
“(.7.%41
~C.Cl%4c
=".C1e7
2., 920
“l.TiE%y
“Cls247
=T 04324
APOTE L3
-7.N3357

“C.lc3%¢
-:.’349:’“
“(.%2e39%
“{.fs02C
-C.04b8¢

[P I
-~ .

A O ¢!
“Tel7687
“".174513
“C.C%7¢7

“N.17453
“Cel74%2
*N 34907
“3.3L9(7
=0 251 F0

“lJl4307
cTaT45 (7
“C.523€N
“G L7380

“J 7627

=2.57,8"
“0.S73¢€C"
-C.€9813
“J.€6613
“J0.€1CF7




The tines 1 throo oo the o R B SR e, .
tifth line pives tre oamel o1 RS : C
values of the potential will bo e
.5 Dorsbp

DOUBDD computes the potent fa. o 0. L o
panel veometry trom CBicho, S S TR R R SV O ' ,
activelyv simply set procedual tame 0 -

jues with the appropriatc time e oprera e

FILE 7 TITLF = “oRi3Dopr" - oL
put file, FILV 5 1TITIE = Horkhos Tat e -
appear tor the example case, ol b g e o s

follows:
Line 100 B e he tetal nagcbar o0 e Y
Line P00:  NOMe aqmbher o0 o ! L R
panele din oirtd direct oo
Line 30fi:  wocoordinate at whicd i gotnr 1y L
coordinate and PHT caloe e e !

tvpical of the remaining line. in the =i,

3.6 TBLIPC
This program is mainlv 4 utilits vrocrar aed 10« pe - o
and the peometrv data for input int. 5 fonedar <0 or o1

is reasonablv fast taking about a4 minute for wloader o0 '

four minutes for the data from DOUBNDD, There are L e

"TBL3DOPT" and FILF 12 TITLE = "DOUBDOPT". Hot' +yl.. Ty 1

potential based on the doublet distribution i- [FESTTTS I CYPY SR i

the case of the slender badv pot.ntial flow.
In the interactive operation there s anly one data o« .. o+
the operator. If the datais from DOURND, the data ie wirgl.

0. The number that appears on the screen identifies the dat.y b

Table 14 shows the screen for the test case. The data i~ ident s

for the SSPA Model 720, 1In the next line N=7, FPE=11, and t'a

45

WO -y = o

beear




106
264
JeC
400
500
63C
00
80¢
900
1000
1100
1200
* 300
1 400
1500
1400
Q0
'R00
V90C
2066

ive
4

P54 48«00
LPSINIE00
L95275€+00
S 993158 C0
L99323E+00
LIS219E900
- 95182E+0¢

LIS195E+00
LI4743E400
87387E+00

- 87413E00
-.B7427E+00

LB87415E+00

-, 07356k 00
-. 87383800
L BT309E 00
-.87 1280400
S RN RE R

v

L8 E-0n
L10129E-01
.88504E-02
B0 3E-02 -
.635378-02
.901838-02
LISIQUE-02 -.70900k-01 -, 9693BE+0Q

L41080E-02
L18B14E-01
31727%¢€-01
.43626E-01
.94083E-01
.63442E-0)

.98096E+00
.9B506E+00
- 98558E+00
- 981C3E Q0
~.98C1FE+00
-.971e7E+00

L32203E-02 -.75735E-01 -.9584BE+00
.87134E-03 -.8105v¢-0!
.310686E-01 -.84092E-02

Li87406E-01
L299581E-01
.23302E-01
L19838E-0
19450801
L109478-010
.06)6:8-02
L2285 -02

-.25893E-01

-.430865E-0!
-. 604688 -0\

-.74786E-01

-.87115¢8-¢!

-, 97344E-01

- U448+ 00

- 10854k 00

-.99335.+00
-.923129E+00
-. 917336400
-.91827E+Q0
-.92244E+Q0
-.92817E+00
-.92725€+0¢0
-.91640E+00
-.93054E+00
- 90560k C0




TABLE 14 - TERMINAL DISPLAY FOR TBLIPC

SSPA MODEL 720
? 11

9.14150
-9.60000 0.6 el 16
16 ~.1047198E+00 -.9549294E+01
IF THREE DIRENSIONAL POTENTIAL IS FROM MING’S PROCRAM
EQTER 1 SLENDER BODY ENTER @

216

24 9

216
ratio is 0.14150., The initial station for the data is S = -0.6, and the last
station is S=0.n., There are 21 stations to be used in the lengthwise direction,
and 16 values of 4, The 16 values of ? are equally spaced with 26 = -0,1047198
and 1/A6 = =9,549294, 1In the case shown the doublet distribution potential is

used so a 1 appears as the answer to the question. There were 216 panels used in
the doublet method: 24 in the lengthwise direction and 9 in the girth direction.
The final 216 indicates that the program is reading the data for the 216 panels,

There is only one output file, FILE 7 TITLE = "TBLIPCOPT". A representative
portion of it is shown in Table 15,

Line 100: Data indentification

Line 200: N, KPK, and BL

Line 300: START, SFINS, NSTAT, and NTH

Line 400: The station number and the value of S at this station.

Lines beginning with 1, 2, and 3 have the data organized as follows:

1 X v fn u, u,
2 S du‘/d‘-”r du&/df\ duﬂ/d?‘ du_/d:.
e ¢ i : < ti o
3 Kf K'q H F G
3.7 TBLSOL

This final program of the suite, TBLSOL, computes the boundarv-laver momentum
thickness, TH11l, the tongent of the crossflow angle T, and the shape parameter H,
Input data is entered cither through the kevboard in answer to prompting from the
computer, or it is read from the stored file: FILFE & TITLFE ="TBLIPCOPT". This
file is created by TRLIPC and is described in Section 3,6,

47
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Table 16 shows the example problem being run from the terminal. The first
two rows of numbers are the polynomial coefficients in the skin friction formula
given by Head and Patelg. These are fixed values and appear as data items in the
program itself, 1In the example case the number of stations at which the boundary
layer is to be calculated is NS=21 with only one iteration at each step, NT=1,
TOL is the present value of tolerance used in the program; any number less than
TOL is considered zero. There should be no need to change the value from 10-9.
If a larger TOL is needed, it is likely that something is going wrong in the com-
putation or the initial data is not physically correct.

In the example, constant values were used for the initial data; these were
TH11 = 0.0004, T=0, and H=1,4 where TH1l has been nondimensionalized with respect
to the semi-hull length., These values are entered at the appropriate prompting.

The initial data will generally be obtained from experimental data. 1In the
four cases that this program was used witbk experimental data, different inter-
polation methods were used., This amounted to writing a subroutine to interpolate
the experimental data in each case as a function of 8 and simply calling the sub-
routine to set the initial values. FEnter a call for this subroutine at line 2500
in Subroutine INITIAL and change 2500 from STOP to RETURN. 1If initial data is
entered as a function of ©® merely respond with a 1 and the program will ask for the
initial data at jA®, j =0, 1, 2, ..., NTH.

The output for the test case is presented in Table 17.

Line 100: NS and NI

Line 200: Title

Line 300: N, KPK, and BL

Line 400: START, SFINIS, NSTAT, and NTH

Line 500: TH11l, T, and H
Line 1200: Station 1, S at initial station
Lines 1300 Through 6100 have the following format:

1 X y 4] u, u,
¢ :

, 4
2 s du¢/d9¢ due/dﬂ.e duﬁ/dQ¢ du¢/d 0

3 K K H F G

Lines 6200 through 7900 are typical of the output for each station. Line 6200 has
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TABLE 16 - TERMINAL DISPLAY FOR TBLSOL

RUN TBLSOL
WRUNNING 4359

-0.000701 0.028345 -0.386748 0.019321
-0.001953 0,042588 -0.834800 0.191511
NS IS NUMBER OF STATIONS AT WHICH BOUNDARY LAYER IS
TO BE CALCULATED
N§= 113
#e

21
21
NI IS NUMBER OF ITTERATIONS AT EACH STEP
Nls 113

1

1
TOL= «10000E~03
IF THE INITIAL VALUES ARE CONSTANT ENTER 0
OTHERWISE ENTER A 1
0
THii= 1F10.5

«0004

0.00040
T2 TAN(BETA)= 1F10.5

0.0

0.00000

¢

Hs 1F10.5
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the station number and station s coordinate. The remaining lines give the boundary
-layer parameters around the girth at station s as a function of 6.

Running time for this program has always been less than five minutes,

4, CONCLUDING REMARKS

This report presents a suite of computer programs for computing three dimen-
sional boundary layers for ships, Most of the technical details for carrying out
the computations are explained and demonstrated in the form of a worked out
example, The computer programs are in a structured form that permits modification
to empirical formulas as better empirical approximations are developed, e.g. an
improved crossflow model when new experimental data becomes available, Alterna-
tively, individual programs described in this report, such as MAP22, and DOUBDD
can be used independently or with other methods for calculating the boundary layer.

There are some choices that must be made in the input data to these programs.,
The number of hull offsets to be used in obtaining the rational hull approximation
together with the degree of the lengthwise approximating polynomial and the degree
of the conformal mapping are the most difficult choices to be made. The values
used in the example are a good starting guess; however, these numbers should be
determined by comparing the agreement of the approximating offsets with the
physical hull offsets and by examining the smoothness of the approximating hull
shape. Changing the degree of the lengthwise polynomial and the number of para-
meters in the conformal mapping will change the smoothness of the approximating
hull form. 250 panels should be used in the potential calculation; the panel
dimensions should be chosen so that the longest panel dimension is in the direction
of the freestream flow, In the boundary layer calculation 40 girthwise values
should be used,

von Kerczek and Langan concluded that the present boundary layer calculations
method can predict boundary layers on relatively fine double ship models with fair
accuracy to within a distance of the stern of about 10 percent of the ship's
length for the SSPA Model 720. In the stern area, the boundary layer thickens very
rapidly and approaches separation. Calculation of this near-separated boundary

layer region must await further developments of boundary layer theory.
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100
110
15
120
130
135
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
4190
420
430
440
450
460
470
480
490
500

FILE S(TITLE="PFN",KIND=DISK,FILETYPE=?)
FILE B(TITLE="ANS",KIND=DBISK,PROTECTION=SAVE,MAXRECSIZE=22)
FILE 9(TITLE="BNS",KIND=DISK,PROTECTION=SAVE,MAXRECSIZE=22)
FILE A(KIND=PRINTER,MAXRECSIZE=22)
$RESET FREE
c PROGRAN NAP22

COMMON /A1/ XMS5(50,50),YNS(50,50)

COMMON /A2/ AN(S0,10)

COMMON /A3/ BN(25,10)

COMMON /A4/ BE(25,23)

C

C MAF FITS AN ANALYTIC SURFACE TO A SHIF HULL

€ POINTS AT THE WATERLINE AND AT THE KEEL CONSTRAINED - ALL STATIONS
c XHS X OFFSET OF A POINT ON THE HULL

c YHS Y OFFSET OF A POINT ON THE HULL

c ANCI, J) MAPPING COEFFICIENTS AT STATION 1

c BN(I,J)  CALCULATED A SUB NN

c BS(I,J)  COEFFICIENT MATRIX

C KT(I) NUNBER OF OFFSETS GIVEN AT STATION I

COMMON /AS/ KT(50)
COMMDN /A4/ 1FS(S0)
COMNON /A7/ JFS(350)
COMMON /A8/ TITLE(12)
COMMON 7A%/ THETA(S50)
COMMON /B1/ S(SQ)
CONMON /B2/ AP(10)
CONMON /B3/ B(350) H(50),5A(50)
CALL INPUT(K,N,IST?1,IST2,KP1,KP2,TOL,BL)
CALL CONTRACK,N,TOL)
IF(K.LE.2) GO TO S
CALL POLY(1,IST1,N,KP1)
CALL OUTPUTC(1,IST1,N,KP1,BL)
IFCISTI-K) 1,2,2
§ CALL POLYCIST2,K, N, KP2)
CALL QUTPUT(IST2,K,N,KF2,BL)
IFCIST2-1IST1) 2,2,3
3 D0 4 J=1,N
BN(1,J)=BL*ANCIST?, )
4 BN(2,0)=0,0
CALL OUTPUT(ISTY,[ST2,N,2,Bi)
2 ST0P
END

w
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510 SUBROUTINE INPUT(K,N,IST1,IST2,KP1,KP2,TOL,BL)
520
$30 € SUBROUTINE INPUT CONTAINS ALL READ STATENENTS FOR MAF
540
550 C XMS X OFFSET OF A POINT ON THE HULL
560 C YNS Y OFFSET OF A FOINT ON THE HULL
570 € ANCI,J) MAPPING COEFFICIENTS AT STATION I
580 C BN(I,J) CALCULATED A SUE NN
590 C BS(1,J)  COEFFICIENT MATRIX
600 C KT(I) NUMBEK OF OFFSETS GIVEN AT STATIGN I
410
420 C IFSCI) 1 NO CONSTRANTS AT STATION I
830 C 2 SURFACE AT STATION 1 TO FASS THROUGH OFFSETS
640 C 3 AT STATION I SLOFE WITH RESPECT T0 § IS 0
650 C 4 2 AND 3 CONBINED
460 C 5 AT STATION 1 SLOFE AND CURVATURE AKE 0
470 C 6 2,3,AND S COMBINED 4
480
490 C JFS(D) 0 AN KEAD IN AT STATION I -
700 C 1 CONPUTE AN ]
710
720 C TITLE IDENTIFIES COMPUTATIONS- 144 CHARACTERS MAX
730 C THETA(J) FHI SUE J AT A GIVEN STATION
740 C 5(1) S AT STATION I
750 C AP MAFFING COEFFICIENTS AT A& GIVEN STATION
760 C B(I) B EAN AT STATION I
770 C H(I) ORAFT AT STATION I
780 ¢ SA(I) CROSS SECTIONAL AREA AT STATION I
790
800 COMMON /A1/ XN5(50,50),YNS(50,50)
810 COMMON /A2/ AN(S0,10)
820 COMMON /AS/ KT(S0)
830 COMMON A4/ IFS(50)
240 COMMON /A7/ JFS(50)
850 COMMON /AB/ TITLE(12)
840 COMMON /B1/ S(50) 4
870 DIMENSION IX(50,,1Y(50) i
HE0 READ(S,24) (TITLECS) ,J=1,12) :
890 READ(5,3) IST1,IST2 KP1,KF2
1 900 READ(5,1) KN, TOL,BL
919 b0 S8 I=1,K
] 420 D0 S8 J=1,N
530 S8 ANCI,J)=0.0
4 240 KEAD(S,3) C(IFS(1),1=1,K)
250 READ(S, 30 VIS, I=1, 40 i
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940

970

980

990

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
110
1120
1130
1140
1150
i160
1170
1180
1190
1200
1210
1215
1220
1230
1240
1250
1260
1270
1280
1290
1100
1310
1320
1330
1340
1350
1360
1370
1380
1390

READ(5,25)(KT(I),I=1,K)

DO 33 I=1,K

N=KT(I)

READ(S,4) (IX(J),IY(J), J=1,N)
DO 34 J=1,0
XNS(1,)=FLOATCIX(J))

34 YHS(I,J)=FLOATCIY(J))
33 CONTINUE
XMAX=XNS(10,1)
DO 35 I=1,14
N=KT(D)
D0 35 J=1,M
XNS (1,10 =XNS(1,J)/XHAX
35 YMS(I,J)=YMS(I,J)/XNAX
B0 36 1=15,K
H=KT(D)
00 36 J=1,M
XHS (1, 3)=-XNS (1, J)/XNAX
56 YHS(I,J)=1NS(1,J)/XNAX
READ(S,2) (S(1),121,K)
D0 31 I=1,K
IFCJFS(I)) 31,32,31
32 READ(S,2) (AN(CI,J),J=1,N)
31 CONTINUE
WRITE(6,40)
WRITE(4,24) (TITLE(J),J=1,12)
WRITE(9,24) (TITLE(J),Jd=1,12)
WKITE(6,19)
10 21 1=1,K
M=KT(1)
WRITE(6,22) 1,8(1)
1 WRITE(4,23) (XHS(I,J) ,YMS(I,d),d=1,M)
0 RETURN
1 FORMAT 2110,2F10.5)
4 FORNAT(4¢1X,216))
2 FOKNAT (7F10.9)
FORMAT (1415)
25 FORNAT (7110)
24 FORMAT(1246)
40 FORMAT(1H1)

19 FORNAT(I9H THE INFUT OFFSETS i)

22 FORMAT(//56H XMS M3
15¢,12,2H)=F5.2//1

23 FORMAT(F30.5,F14.%9)
END




1400 SUBROUTINE CONTRA(K,N,TOL)
1410
1420 C  SUBROUTINE CONTRA COMPUTES THE PARANETERS IN THE CONFORMAL MAF OF TH

1430 C  uNIT CIRCLE ONTO THE CROSS SECTION

1440

1430 C ANS X OFFSET OF A POINT ON THE HULL
1460 C YNS Y OFFSET OF A POINT ON THE HULL
1470 C AN(IL, ) MAPPING COEFFICIENTS AT STATION I
1480 C BS(1,J)  COEFFICIENT MATRIX

1490 C KT(I) NUMBER OF OFFSETS GIVEN AT STATION 1
1500

1510 C JFS(I) 0 AN READ IN AT STATION I

1520 C 1 COMPUTE AN

1530

1540 C THETA(J) PHI SUB J AT A GIVEN STATION

1550 C AP MAPPING COEFFICIENTS AT A GIVEN STATION
1560 C B(1) . B EAN AT STATION 1

1570 C H(D) DRAFT AT STATION 1

1580 C SAa(D) CROSS SECTIONAL AREA AT STATION I
1390

1600 CONMON /A)/ XMG(50,50),YNS(50,50)

1610 COMMON /A2/ AN(50,10)

1620 COMMON /A4/ BS(23,25)

1630 COMMON /A5/ KT(30)

1640 COMNON /A7/ JES(S0)

1650 COMMON/A9/ THETA(S))

1660 COMMON /B2/ AP(10)

1670 LOMMON /B3/ B(50),H(50),5A(50)

1680 DIMENSION ANU(25,1),IP(25)

1690 5 FORMAT(23H THE MATRIX IS SINGULAR I5,F10.5)

1700 70 FORMATC(34H BEST FIT AT THIS NN NOT YET REACHED//)

1710 100 FORMAT(///13H INITIAL AN(I2,4H,J)=,3F9.5,21H A-EA COEFFICIENT=

1720 1F9.5//)

1730 104 FORMAT(10F12.8) %
1740 107 FORMAT(18H NO CONVERGENCE AT 15) ‘
1750 108 FORMATC(I7H NO LEUIS FORM AT I135) {
1760 110 FORMAT(4H DUT=FB.5,3H AN=11F9.5) Y

1770 THETA(1)=0.0
1780 P1=-3.14159265
1790 B0 103 L=1,K
1860 H=KT (L)
1810 B(L)=XN5(L,1)
b 1820 HOL)=-YNS (L,M)
1830 SUM=0.0
3 1840 10 112 J=2,M
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63

SUM=SUN+0. 5% (XNS(L,J)-XNS (L, J=1))# (YNS(L,J)-TAS(L,J))
SA(L)=2.#SUM
CONTINUE
B0 54 I=1,K
IF(JIFSCI)) 11,54,11
ANCT,2)=0.54(B(I)-H(I))
BH=B( 1) +H (1)
HBB=BH*#2+8.%(2.4SA(1) /PI+B(1)*#H(1))
IF(HBB) 63,64,64
WRITE(6,108) 1
AN(I,3)20.0
60 TO 54
ANCI,3)=-0.25#(BH-SART (HBE))
CONTINUE
b0 10 I=1,K
IFCJFS(I)) 12,13,12
URITE(4,8) I, (ANCI,J),J=1,N)
FORNAT(//15H AN GIVEN AT I=12,4H AN=10F9.95)
GO TO 10
H=KT(1)
THETA(M)==1.57079632
HM=N-1
INT=-1
DUTP=0.0
06 91 J=1,10
AF(J)=0.0
FAC=B(I)*H(1)*2,
IF(FAC) 86,92,86
SIGNA=-1.0
GO 10 65

6 SIGMA=SA(I)/FAC
9 WRITE(4,100) I,AN(I,I)(AN(I.Q),AN(I,3).SIGHA

NN=2

NN=NN+1

NN2=NN-2

TIF(NN-N) 68,68,21

8 KLK=0
9 KLK=KLK#+1

[F(KLK-20) 55,55,56
WRITEC,107) 1
IF(NN-N) 67,10,10
IFCINT) 1,1,2

DO 28 J=1,1N2

U=J+2

OJ=( 1,088 ( J42)




2369
23
J120
S330
L 3e0
2350
2380
3
2180
23190
240C
ARG
R
130
_444y
45y
400
240
2480
2499
RETOY)
J510
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37
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26
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DO 29 U=t ,NNC

UN=z JJe0
ON=t Y, aee el
Sum=v.

00 30 JJu=2, MM
THYI:=THETA LI

TH2Z=0 3. JovirsiHl
THI= 03, -2 sy o THY

{1={0S¢TH

Ll=C0S TH!

L3=COSTHY

S1=5[NTTHI

S2=5INTHD

S3=SINCTHS

3UM=SUN
¢ 0Ja51a53 + 5853

B30, JJr=5UN

LUNTINUE

00 26 J=1,NN2

Y=d+o

0J=(-1.)880J¢ D)

SumM=0.0

DO 27 Ji=2.MM

TH1=THETA (D)

TH2= (3, -2 U THY

C1=C0S¢THT)

£2=C05¢IH2)

S1=SINCIH,

S2=SIN(TH2?

SUM=SUN + (XM5¢1,Jdd) ~ BCLI#Cl) # ([L1-C2) ¢+
(YMS(I,Jd) - H{D)Y«51) + (QJ*51 - 352)

ANU(J,1)=5UN

CALL DECOMF(NN2,25,BS,IF)

CALL SOLVE(NN2,25,HS,ANU, 1)

D0 59 J=1,NN.

AN(L,J+2)=ANUCS, 1)

SUM1=0.0

5Un2=0.9

00 200 J=3 NN

vizto-(=1.004

Y=, 4(-1,00%]

SUMI=SUMI+YIsANC ], )

SUM2=SUM24V2¥ANCL, 1)

ANCT 1) =05« (B(1)+H () -SUMT)

ANCT,2)=0.5¢CB(1)-H(]) -SUMD)

e Corn s LraLd e LOe03 v ONYUJRSTRST v UGN ]
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SO N

NN
OO O O OO

[ SV FORN JURN SR ST S0

?

5

89

90

88
69

66

21
T
10

50

CALL ATHETACI,MN,MM,IBTH,N)
IFCIBTHY 21,21,.4

pUT=0.0

0o 32 J=t,NM

SUM1=0.0

SUM2=0.0

00 33 JJ=1,NN

FJ=JJ

ARG= 3. -2, sF )+ THETA (D)
SUM1=SUMI+ANC],JJ) «COS(ARG)
SUM2=SUM2+ANCT, JJ ) ¥SINCARG)
DUT=TUT+(XMS ¢TI, J)-SUMT) #2+(YMS(1, J) -5UM2 ) #%2
TYL=DUT-DIUTF

IFCINT) 78,78,79

INT=1

WRITE(6,110) LUT,(ANCI,J),J=1,NN)
DO 3 J=t, NN

AP () =ANCT, D)

puTP=DUT

GO 10 &7

IF¢Tulm 88,88,87

DO 89 J=1,NN

ANLT, J)=AP (D)

WRITECS,70) DUT

FORMAT (25H FIT 15 GOING BAD DUT=FZ?.9)
G0 TO 47

IFCABS(TUD) -TOL) 69,467,446
WRITE(6,110) DUT, (ANCI, J),J=1,NN)
DO 77 J=t1, NN

AP (J)r=anNcT, B

DUTP=DUT

50 T0 &/

pyTP=LUT

WRITECS, 1100 DUT,CANCT, D), J=1,08N)
DO 76 J=1,NN

AFCJ)=aNCT L, D

60 TO 45

WRITE(B,111) C(ANCI,J),Jd=1,N)
FORMAT(7F10.5)

CONTINUE

RETURN

END
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3170
3180
3190
3200
320
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
2330
3340
$350
3389
13170
3380
3390
5400
1419
3420
2430
3440
3450
3440
347§
3480
5490
3500
3510
1520
1530
1540
$950
1569
S570
15890
3590
1600
31610
3600
3630
3640
3650
Jbhu
360
3680
1690
5700
3210

13
18

14
20
18
21

-

19
24

SUBROUTINE ATHETA(I,NN,NM,IBTH,N)

COMMON /A1/ XNS(50,50),YMS(50,50)

COMMON /A2/ AN(50,10)

COMMON /A9/ TRETA(SO)
[BTH=1

TELLAS

KNH=1000

OME1=0.0174533

po 11 J=2,MM
THETA(J)=THETA(J-1)

OMEG=THETA(J-1)

DTHE=(OMEG-OHE1Y /10,
Jdd=-1

HKK=1

LLL=1

SUM1=0.0

sUn2=0.0

ERK=HKR+ 1

00 15 L=1,NN

PN=L

ARG=(3. -2, #PN)+THETA(J)

SUNT=SUMT+ANCI,L)*COS(ARG)

SUM2=SUM2+ANCT,L)*3IN(ARG)

DU=(XMSCI,J)-SUMT)#x24(YMS (L, )-SUR2)++2
IFCJJd) 12,13,14

Ju1=Duy

JJd=0

GO 1O 16

IF(DU-DUY) 17,18,18

put=0v

GO TC 16

ENNNEY

fi=0u

GD T0 16

IFCDU-DUT) 20,197,179

put=0u

IF (KKK-KMM) 21,21,37

THETACH) =THETACL) +D1HE

60 TO 23

1B H=-1

URITE(6,4) I,

FORMATC16H BADL THETA AT 1=12,3H J=12//)
GO 70 10

IF(LLL-3) 24,29.25
THETACH =THETACJ) -
DTHE=DLTHE/19.
JJJ=-1

KEk=1

LLL=LLL Y

GO TO Z3

THETACJ) =THETACJ)-DTHE
OME1=0MED

LONTINDE

RETURN

END 62
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R

3720
3730
3740
3750
3760
3770
3780
3790
3800
5810
$820
3830
3840
3850
3860
3870
1880
3890
3900
3910
3920
3930
$940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
44970
4080
4090
4100
4110
4120
4130
4149
4150
4160

80

(3]
~J

[#5)

—_

IS I}

SUBKOUTINE POLY(KB,KE,N,KPK)
COMKON /A2/ AN(50,10)

COMHON /A3/ BN(25,10)

COMMON /A4/ BS(25,25)

COMNON /A4/ IFS(50)

COMNON /B1/ $(50)

COMNON /B3/ B(50),H(50),5A(50)
DIMENSION IF(25),YE(25)

INT=0

DO 12 I1=KE,KE

1S=1FS (1)

60 T0 (12,13,13,28,28,4%9),18

INT=INT+2

60 10 12

INT=INT+1

GO T0 12

INT=INT+3

CONTINUE

NP=KFR+INT

KPK1=KPK+1

WRITE(4,80) HF,KPK,INT

FORMAT(//4H #F=135,5H KFK=15,5H INT=I5/)
D0 27 I=1,HF

no 27 !

J=1,HF
B5¢1,0)=0.0
po o1 11=1,N
LU 1 I=2,KFK
JI=1-1
SUM=0.0
B0 ? J=KB,KE
IS=1IFS(J)

GO 0 ¢3,2,3,2,3,2),18
SUM=SUM+(S())*+JT)+ANCJS, IT)
CONTINUE

BNCI,11)=SUN

00 7 [1=1,N

BNCYT,I0)=0.0

D0 7 J=KB,KE

15=15¢J)

G0 70 (5,7,5,/,9.7),15
BNCOL, I =BN(L,ID)+ANCY,IT)
CONTINUE

0o 4 II=t,N

1=Kk

0o 4 J=KB,KE

"




4170
4180
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4300
4310
4320
4330
4340
1350
4360
4370
4380
4370
4400
44310
4420
4430
4440
44590
44360
4470
4480
4490
4500
4510
4520
4530
4540
49550
4560
4570
4580
4590
4600
4510

29

46

47

48

10
14

15

31

1S=1FS¢J)

GO TO (4,6,46,29,47,48),1S
BN(I,I1)=AN(J,II)
BN(I+1,I1)=0.0

1=1+42

GO TO 4

BN(I,11)=0.0

[=1+1

60 TO 4

EN(I,10)=0.0
ENCIH1,11)=0.0

1=1+2

GO T0 4

BN(I,II)=ANCS,ID)

I=1+1

GO TO 47
BNCT,ID)=ANCI, 11D

I=1I41

CONTINUE

WRITE(6,71)

00 70 1I=1,N

WRITE(s,72) (BN(I,ID),I=1,08F)
FORMAT (//19H THE VECTORS BN /)
FORMAT C12F10.%5)

pe 8 I=1,KPK

D0 8 J=1,KFK

5UM=0.90

IJ=l+J-2

00 9 #=KB,KE

IS=1F5(M)

G0 0 (10,9,10,9,10,7),15
IFCI) 13,184,101

IF(S(nyy 11,135,11
SUM=SUM+T.0

60 T0 9

SUN=5UM+S (MY ++1J

CONTINUE

BS{I,J)=5UM

.=KPR1

00 30 J=KB,KE

15=IFS(J)

GO 0 (30,31,49,32,50,51),15
BS(1,L)=1.0

L=L+1

60 T0 30




4620 49 BS(1,L)=0.0

4630 L=L+1

4440 G0 TO 30
4650 50 BS(1,L)=0.0
4640 BS(1,L+1)=0.0
4670 L=L+2
4680 60 TO 30
4690 51 BS(1,L)=1.0

- 4700 L=L+1

- 4710 60 T0 50

i 4720 52 BS(1,L)=1.0
4730 BS(1,L+1)=0.0
4740 L=L42
4750 30 CONTINUE
. 4760 00 16 1=2,KFK

4770 L=KPK1
4780 11=1-1
4790 [0 17 J=KB,KE
4800 1S=1FS (J)
4810 G0 T0 ¢17,18,52,33,55,59),1S
4820 18 BS(I,L)=5¢J)#+I
4830 L=L+1
4840 60 TO 17
4850 52 12=11-1
4860 IF(12) 53,54,53
4870 54 BS(I,L)=1.0
4380 LsL+1
4890 GO T0 17
4900 53 Al=I1
4910 BS(1,L)=AI#S(J)*+]2

, 4920 L=L+1

3 4939 GO TO 17

[ 4940 55 12=11-1
4950 13=11-2
4960 (F(13) 56,57,58
4970 56 BS(I,L)=1.0
4980 B5(1,L+1)=0.0
4990 L=L+2
5000 60 T0 17 1
5010 57 Al1=11
5020 BS(1.L)=AT1%5(J)) 1

{ 5030 BS(1,L+1)=2.0

5040 L=L+2

3 : 5050 U TO 17 1
- 5060 S8 AI1=I1
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5070
5080
5090
5100
5110
3120
5130
5140
9150
9160
3170
5180
5190

[EUR R A & N
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oh
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v
@
<=

5290
4300
5310
5320
5330
5340
5350
%360
5370
5380
5390
400
5410
Y420
5430
Y440
5450
3460
470
5480
54990
wa0¢

99510

33

34

36
17
14

20

§0

61

65

Al2=12
BS(I,L)=AI1#S(J)s*]2
BSCI,L+1)=AT1#AI24S(J)*#]3
L=L+2

60 T0 17
BS(I,L)=5¢J) ]
L=L+1

GO TO 55
BS(I,L)=5())*+ {1
12=11-1

IF(I2) 34,35,34
BS(I,L+1)=1.0

GO TO 36

Al=11
BSiI,L+1)=A1+S(J)**]2
L=L+2

CONTINUE

CONT INUE

L=KPK1

{0 19 J=KB,KE
I1S=1FS¢J)

GO 70 ¢19,20,60,37,62,65),15
D0 21 I=2,KFK
I1=1-t
BS(L,1)=u(J)*x]1
L=L+1

G0 10 17
BS(L,2)=1.0

00 41 I=3,KPK
Al=1-1

12=1-2
BS(L, 1) =Al+5(J)*+12
L=L+}

60 TO 19
BS(L,2)=1.0
BS(L+1,21=0,0

[0 63 1=3,KFK
Al=1-1

[2=1-2
B5(L,1)=AT*S( %[22
Li=L#1

BS(L1,33=2.0

DO 64 I=4,KFK
ATr=1-1

Alz=(-2
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5520
5330
59540
5350
55690
5570
5980
5990
5600
5610
5620
5630
5440
5650
5640
94670
5680
3690
5700
5710
57220
5730
5740
57590
5760
5779
5780
5790
5800
L5810
5820
%830
5840
5850
5860
4870
5880
5890
' 5900
! 5910

5920
: 5930
r 5940
5990

5960

39

38

44
40
19

43

48

47

2 BS(L,1=1.0

13=1-3
BS(L1,1)=AT15A1225(J) %13
L=L+2

G0 10 19

b0 46 I=2,KPK
11=1-1
BS(L,1)=5(J) sl
L=L+1

G0 10 42

DO 44 1=2,KPK
=1~
RS(L,1)=50J)#x]1
12=11-1

IF¢12) 38,379,338
BS(L+1,1)=1.0
G0 TO 44

a1=11

RS(L+1, 1)=Al+5{J)#+]2
CONTINUE

L=)+2

CONTINUE

L=KPK1

Do 41 J=KB,KE
1S=1FS¢)

GO TG 41,42,67,43,68,69),15
BS(L,1)=1.0
BS(L+1,1)=0.0
L=L+2

GO TO 41
BS{L,1)=0.0
=L+

GO TG 4t
B5(L,11=0.0
B5(L+1,1)=0.0
L=l+2

60 7O M1
BS(L,1)=1.0
=L+

6O TO 68

L=L+1

CONTINUE

WRITE(S,73)

FORMAT (//18H THE HMATRIX BS /)
0o 74 J=1,HF
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i 5970 74 WRITE (4,72) (BS(J,1),I1=1,8F)

5980 CALL DECOMP(NF,25,BS,1F)
5990 DO 23 I=1,N

6000 00 24 J=1,u8F

5010 VE(J)=BN(J, 1)

6020 24 CONTINUE

5030 CALL SOLVE (MP,25,B5,VE,1F)
5040 DO 25 J=1,MP

5050 BNCJ, 1) =VE D)

5060 25 CONTINUE

5070 23 CONTINUE

5080 26 RETURN

5090 ENE
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6100
6110
6120
6130
6140
6150
4160
6179
5180
5190
6200
6210
6220
6230
6240
6250
6260
627

6280
6290
6309
6319
6320
6330
6340
6350
6360
6370
6380
4390
5400
64190
6420
6430
6440
6450
5460
5470
548°%
6490
4500
4510
6520
6530
6940

70

ra

75
i

80
13
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SUBROUTINE OUTPUT(KB,KE,N,KPK,BL)
COMMON /A1/ XMS(50,50),YNS(50,50)
CONMON /A2/ AN(50,10)

CONNON /A3/ BN(25,10)

CONNON /AS5/ KT(50)

COMNON /A8/ TITLE(12)

CONMON /B1/ S(50)

CONMON /B3/ B(50),H(50),5A(50)
IF(KPK.LE.1) GO TO 13

WRITE(6,70)

FORMAT(//30H  THE POLYNOMIAL COEFFICIENTYS//)

DO 71 J=1,N

IF(KPK-10) 72,72,73

WRITE(6,74) J, (BN(I,J),1=1,KFK)
60 T0 71

WRITE(4,74) J, (BN(I,J),I1=1,10)
WKITE(6,75) (BN(I,J),I=11,KPK)

CONTINUE

FORMAT (4H J =, 12, 10F10.5)
FORKAT (10H L10F10.5)
FORMAT(7F10.5)

DO 80 I=1,KE

WRITE(S,111) (ANCI, D), J=1,N)
DO 1 I=KB,KE
IF(KPK.LE.1) GO T0 11
§T=5(I)

WRITE(6,7) 1,81
FORMAT(//26H X Y, 12H
1F6.4/)

10 2 J=1,N

5UH=0.0

U0 3 11=2,KPK

11=11-1
SUN=SUMBN(TT,J) &ST#] 1
ANCT, D) =SUMABN (1, J)
TH=0.03491

00 4 L=1,46

X=0.0

Y=0.0

TH=TH-0,03491

10 5 J=1,N

AJ=3-24]

X=X+AN(1,J) ¢COS(AJ*TH)
YZY+ANCT, J)*SIN(AJETH)
WRITE(&,6) X,¥

S(I12,2H) =




£
4

655

4560
63,0
0580
&590
66400
4610
6820
6630
6635
656490
5650
65660
L5865
2670

74

400

FORMAT(F20.5,F10.5)
CONT [NUE

IF(KPK.GT.1) GO TO 12
RETURN

WKITE(6,8)
FORMAT(///17H

b0 9 I=KB.KE

ANCT, /)

WKITECH,10) C(AN(T,J),d=1,N)

FORMAT(F20.5,9F10.5)
MRITE(T,400) N, KFK,BL
DO 76 J=1.N

WRKTTE(?,101) (BNCL,J),I=1,KPK)

RETURN
FORMAT(219,1F10.%)
END

70

) darmn s




4680
5690
6700
42190
6720
6730
6740
6750
5760
6770
6780
6790
5800
4810
w820
08310
6840
6850
68690
5870
6880
w890
4900
6319
0¥20
6930
6940
5950
4960
5970
6980
5990
J000
J010
/7020
J030
i /’040
J050

c

[or N or BN or I8 ov

SUBROUTINE DECOMP(N,NDIN,A,IP)

SUBROUTINE DECOMP GAUSSIAN REDUCTION OF A TO TRIANGULAR FOkn

= 2 O B V)

N NUMBER OF NON ZERO ROWS IN A
NDIN DIKENSION OF A
A MATRIX TO BE REDUCED
IF NUMBER OF ROW BEING FIVIOTED WITH K ROW
DINENSION A(NDIN,NDIK),IF(NOIN)
IF(N) =1
B0 6 K=1,N
IF(K.EQ.N) GD TD §
KP 1=K+
M=K 5

DO 1 I=KP1,N
IF(ABS(ACILR)).GT.ABS (A, K) ) N=1
CONTINVUE

IP(K)=M

IF(H.NELK) IP(N)=-IP(N)
T=A(M,K}

ACH LK) =ACK,K)

RIK,KD=T

[F(T.EQ.0.) GO TQ 5

00 2 I=KPI,N

AT K)=-ACL,1) /T

D 4 J=KF1,N

f=A(H,J)

A(H,J)=A(K,J)

AR, J)=T

IF(T.EQ.0.) GO TO 4

6 3 I=KP1,N

AT, D =ACT, D) +A(T ,K)#T
CONTINUE
IFCAK,K) L EQ.0.) IP(NY=0
CONTINUE

RETURN

END
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T

7060
7070
7080
7090
7100
7110
7120
7130
7140
7150
7160
7180
7190
7200
7210
7220
7230
7240
7250
7260
"7’)'70

e

~

SUBROUTINE SOLVE(N,NDIM,A,B,IP)
DINENSION A(NDIN,NDIN),B(NDIN),IP(NDI)
IF(N.EQ.1) GO TO 9
NM1=N-1

DO 7 K=1,NM)
KP12K+1

H=1F (K)

T=B(N)

B(H)=B(K)

B(K)=T

D0 7 I=KF1,N
B(D)=B(I)+ACT,K)*T
DO 8 KB=1,NM1
KM1=N-KB

K=KM1+1

B(K)=B(K) /ALK, K)
T=-B(K)

DO 8 I=1,KM1
BOI)=B(1) +ALL,K)#T
BC1)=B(1)/A{1, 1)
RETURN

END
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#FILE (CHXL)TBL18 ON DTNSRDC

100 FILE S(KIND=REMOTE,MAXRECSIZE=22)

110 FILE &(KIND=PRINTER,MAXRECSIZE=132)

120 FILE B(TITLE="BNSAL",KIND=DISK,FILETYPE=?)

130 FILE 9(KIND=REMOTE,MAXRECSIZE=22)

140 FILE 10(TITLE="TBLINP",KIND=DISK,FILETYFE=7)

150 FILE 13 ITLE="TBLSAVE" ,KIND=DISK,FROTECTION=SAVE,MAXRECSIZE=22)
140 $RESET FREE

170 COMMON / /TITLE(12)

180 COMMON /A7 TTH(S50) JHEB(S0), THRE(S0) \BETE(S50) , LTALS0) ,
190 1 RS(50) ,RTH(S0) ,RO(50) ,CFF(50),XX{50),YY(50)
200 COMMON /B2/ THNB(50),DTH5(50),DBGS(50) ,DTNS(50),USK(50)
210 COMMON /U/ANCTO) ,ANF(10),ANFP(10),CN(10),CNF(10),GN(10) ,CNPF(10),
220 1PAC

230 COMMON /G/BN(25,10),WK(50),DK(50),TH(50),THO

240 COMHON / /TITL(3)

250 COMMON /SAVE/GRU(S0)

260 D0 120 £=1,25

270 DO 120 J=1,10

180 120 BNC[,0)=0.0

290 READ(B,1) (TITLE(J),J=1,12)

300 WRITE(9,1) (TITLE(J),d=1,12)

310 READ(8,405)N,KFK

320 WRITE (7,405 8, KI*K

330 DO 13 .1,

140 READ(B,3 ) (BN(L,J), 1=t KPK)

350 WRITE(9,3) ¢ BN(I,J),I1=1,KPK)

160 1u CONTINUE

120 WRITE(7,414)

180 WRITE(9,415)

390 WRITE(9,416)

400 WRITE(9,417)

410 WRITE(9,413)

120 READ(5,412) NINET

430 60TO (301,302,303) NINFT

440 301 WRITE(9,419)

450 S10P

460 302 WRITE(9.400)

479 REAI(S,401) U0

189 WKTIECY, 4010 UQ

499 WRITE(?,402)

400 READ(,401) BL

Y10 VRITE(?,401) BL

N WRITE(7,409)

410 READ(5,405) NSTAT

540 WR{TE(9,405) NSTAT
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WKITE(9,410)
READ(S,3) §1,52

WRITE(9,3) S1,S2

WRITE(9,404)

READ(S,405) NTH

WRITE(9,405) NTH

WRITE(9,411)

READ(S,401) (TTHCL) ,I=1,NTH)
WKITE(9,401) (TTH(I),I=1,NTH)
WKITE(9,403)

BO 200 IN=1,NTH

READ(S5,406) HECIN),THHECIN) ,BETE(IN)
WRITE(9,406) HBCIN),THNB(IN) ,BETE(IN)
CONTINUE

WRITE(9,407)

READ(5,8) RE

WRITE(9,6) KE

WKITE(11,401) U0

WRITE(11,401) BL

WRITE(11,405) NSTAT

WRITEC11,3) §1,52

WRITEC11,405) NTH

WRITEC11,401) (TTH(I),I=1,NTH)

DO 201 IN=1,NTH

WRITE(11,406) HE(IN), THMECIN) (BETE(IN)
CONTINUE

WRITECT1,6) RE

GO T0 304

READ(10,401) U0

READU(10,401) BL

READ(10,40%) NSIAT

READ(10,3) 51,82

READ(10,405) HTH

REAL 19,4010 (TTH(I), [=1,NTH)

B0 202 IN=1,NTH

REALI(10,406) HECTN), THHECIN), BETELIND

2 CONTINUE

REALC1Q,6) RE

WRITE(S,1450)

UlTe (e, 110

WITE (s, 111N, EFE . BL
WRITECS,113) NTH,NaTAT
WRITE(6,12) 51,57

BO Y21 st ,N

WRITE v s V12V (BNCT, ), [=1  KFE)




1000 po 21 I=1,KPK

1010 D0 21 J=1,N

1020 21 BNCI,J)=BL#BN(I, J)

103¢ b0 SO I=1,NTH

1040 DTACL)=0.0

1050 SO CONTINUE

1060 00 14 [=1,NTH

1020 G=1. 985 { (HE(I)-0.7) %% (-2,715))+3.3
[RVERY E=-(G+HECI) ) # (2. / (HB(D)w(HB(I)+1 . )¢ LHR(I)+2.)))
1090 14 THNB(I)=THHB(I)*E*BETB(I1)

1100 20 WRITE(4,8)

RNV WRITECS, 1) (TITLECH),Jd=1,12)

1120 RN=RE/2.

1130 N1=NSTAT+1

1146 [5=¢52-51)/NSTAT

1150 ST=51-I8

160 CALL GLUG (N, KFK)

170 po 7 JJ=1,Mi

1180 ST=57+DS

1190 CALL UGH(ST,N,KFK,FAC,.FALP,IENDS?
1200 WRITE(S,27) JJ,.50

110 CALL AGH(FAC,FACP,N,NTH,JJ,D5,RN,S1)
1220 7 CONTINUE

1230 100 CONTINUE

1240 B i0F

1250 900 WRITE (7 415

L2580 5 VOF

i270 ! FORMAT(12R6)

1280 2 FORMAT(2110,2F10.9)

1299 3 FORMATCZF10.M)

1300 S FORMAT(2110,2F10.9)

1310 6 FORMAT(F20,1)

1320 8 FURMAT(141)

1333 9 FURPAT(IF10.8)

L 12 FURMAT(SH  55=1710.9,44 S2=F10.9)

MY 47 FORMAT(//12H Si13,2H)=F8.4)
1160 110 FORMAT(/7H  INFUT/)

1379 111 FORMAT(4H  N=I3,5H KFR=I3,44 BL=t10..0
1382 112 FORMATCF L RT2,3,5X))

1370 i3 RORMATCAH NTH=[5,7H NSTAT=19)

Pann 130 FORMATIIHY)

-

| [ERRE 400 FORMATC20H UG= 1F10.5 )
L R 401 FORMAT(IF10.5)
[ERYY qu. FORMAT(20H BL- 1F10.5 )
1440 403 FORMAT(I8BH HB THMR BZTRE  3F190.9
75
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1450 404 FORMAT(15H NTH= IS )
1460 405 FORMAT(2ID)
1470 406 FORMAT(IF10.5)

URE Y 407 FORNAT(24H RE= 1F20.1 )
1499 408 FORMAT(4H RE=)
1500 409 FORNATI24H NSTAT= 115 )
1510 410 FORMAT(30H 51 52 JF10.5 )
1520 411 FORMAT(2LH TTH= 1F10.5 )
] 153y 412 FORMAT(1IN)
1540 413 FORMAT(ZSH END OF FILE REACHED )
1099 414 FORMAT(38H NINPT DENOTES THE TYFL OF INFUT )
1560 415 FORMAT(2IH NINFT=1  CARD DATA )
VY 416 FORMAT(23H 2 REMOTE )
PSH30 417 FORMATL23H 3 STORED DATA )
TGV 418 FORMATC. . 15H NINFT 11 )
o 317 FOKMAT (43K PROVIOE READ STATEMENTS FOR CARDS A1 3014
I END
b
|
k
L
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SUBROGUTINE AGH(FAC,FACKH N, NTH, JJ, DS, KN, 5T

COMMON ZA/TTH(S0) JHB(S0) , THRECSO) JRETROSO0 [ OTRES0,

RS(S0) KTHESO ) L RIGS0) ,LRF OGSO o ximin oy
COMMON /B2/ THNE(SO0) ,DTHS gy (LGS JOTRS s e Ly

COMMON /U/ZANCEQY JANF OO0 JARPFCT0) N ) Lk O ) ,ONCTO i

Fac
CUMMON /SAVE/BRULSO)
ODIMENSTON 1 (50) JHH2¢50) ,CREL (500 JLhE I S0,
DIMENSION FFS(50),FRI(S0), THH(S)
DINENSION RAD(S0)
DIMENSION CRLCHO) JCFUWLCS0 ) JCFBL(S0) L350 enn FSIN
B0 1 I=1,NTH
IH=TTH(I1)
1,0
¥ =0.0
SUMT=0.0
HUM2=0.0
SUM3=0.0
SUM4=0.0
SUNS=0.90
SUNs=0.0
5UM7=0.9
3UH8=0.9
5UM9=0.0
HUK10=0.0
Hurt1=0,0
SUM12:0,0
SUM13=0.0
SuM14=0.0
SUM15=0.0
SUM17=0.4
SUM18=0.0
SUMT =00
HUM20=0,90
5UM21=0.0
Lo 23 J=1,N
L1=2+J
1.4:3,-C
154=C05(C4+TH)
SINCCAYTH)
SSUAT-C4*ANC ) #5554
Sun2=SUM2+LA%AN( ] ) #(54
GUMI=SUMI+ANF ())*C54
SUM4=5UMA+ANF (1)) #554
GUMS=5UN S (L4 e ) rANC 1Y #C54
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1070
2080
2090
2100
2110

YN
P

2130
2140
KEReLv;
21D
70
21890
21790
2200
2210

2226

ra
Ld
<

<

[ SRR I SR R U
— O O N O LN o
SO D D

< O

Cd Ll G 1D B3 PO L PO PO

DO O6 N S S}
ra

a3t

LS I )
£
< O

2350
2360
2370
23806
L3990
LY
R
400
7430
‘449
4590
1480
30
2480
3y

N

rJ

131

SUME=SURE- (L4 +2)TAN{ ) ¥554

SUA7=3UN -CArANF (J)*554 ,
SUNB=SUMB+C4+ANF (J) (5S4

SUM19=SUNI9+ANFF(J) (54

SUMZ20=SUM20+ANFPF (J) #5594

x=X+ANT ) LS4 ‘
YEYFAN( 114554 |
DO 2% J=2,0

Ca=rcvy-2

HalTHINC2eTH)
CS2=COS{C2+TH)
SUMP=SUNP+UN( J) #5852
SUMIO=5UmMIO+CNCSI+L52
SUMT I =0Un T L« C2%0NCD) +CH2
SUM1 2=SUM12-C2#(LNCJ) £582
SUMI3=SUMI3I-CNP (Y #CS2/C2
SUMt4=5UMI4-CN (D) +(CS2/C2 :
SUMIS=SUMIS-CnPR D054/ C2
SUMZ1=5UM21+GN(J)*552
SUM17=SUM17+CNF (J) #3582
SUM18=SUMTI8+CNF () (52
SUMTO0=UN 1 345UMI0

SUM13 =SUMt13+FaC+1.0
SUKII=SUM13x5UM13
SUM14=5UMI4+AC
SUMT@=SUMIa+INP(T) i
DE=SUKT+&245UNZ 442 ?
DE2=DE #22
HE=(SUMS+5UM2-5SUME+5UNT ) #:42
U= (SUMF«SUM1+SUM10+SUM2) /DE
V={SUN9*SUM2-SUM1 O+SUM1T) /DI
W=SUMI3-0+SUMI-Y+5UMA-1.0
DN=5UMT*5UM? +SUM2€SUMB

US= (+5UM18+5UMT +5UM1 0 5UNS+5UMT 22 5UM T +SUMY£5UM )/ DE i
U5=U5-2, tDN®U/DE ;
VS= (-SUMT@+5URT -SUMT 050N +SUMT 7 #5UM2+5UMT 508 ) / DR g
U5=US-T. 4 liney/DE !
WS=FALF4SUMTE - LUSESUNIHUESUMI 2 HYS 503+« 5SUM20 ;

[TD5=2.0%5U421 L€
Gr5UM TSNS UM SN ]
UTH= (SUMTOPYSUMG +5UMT245UM2+5UNT TA5UM T +SURT FERS ) [
UTH=UTH-Z. v U/ DE

UTH= C-SIMI2HSUR T SUATHY SUMS+SUR T4 SURZ + 3070 fa ) /0
UTH=9TH- L iRy O

WTHE UM ITHISURE - E5UN2-YTHASUMG- - SUNB
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<

N
Y10
Je90
2700

"
2720
1730

2740

<

L6
. ?1(,
TR
90
dul)
Bl
RS

33y

ARV
A0
‘870
gD
3240

B R

RERD
_v 3
1940

1

ro -

<L
< oen

G1=DE+x(~-0.3)
HX=SUM3+ITDS+#SUNI1
HY=SUM4+DTDS+5UN2
FHICI)=5UN14

RAD(I) = (SUMS*SUN2%%2-SUMO+SUMT A SUM2) %2+ (SUNA*KSUMT 44 2-5UM%

1 xSUNTASUND ) %2
KAD(I)=SART(RANCI))
RADCD)=Dl22/RADCT)

USS=U 2404242, 0%U4+1.0
F=-US5+1.0

FN=6 1+ (U+tUTH+VLVTH+UTH)
CK2=PN/USS
FS=UxUS+VEVS+US+DTDS PN/ G
FFS(1)=F5/USS
USS=5aRT(USS)

THH{(I)=TH

F=-SUMy/5UN13

FS=-SUM17/5UMI 3+SUMI 9+ (FACF+5UM15) /SUK3

FT=-5UMI1/5UM13+SUMP-£SUMT7/5Un3Y
GX=F«5UM3+5UMI

GY=Fe5UM4+5U82
GO=GXAGX+ET#G Y +F+F
HH=dXeHX+HYV*HY+1,0

HH=SQRT(HH)

GXF=F# (SUNT24F +SUM3EFS+SUNT Y +F+SUM7+5UMI*F T +5UMS
GYP=F#(SUMDO+F +SUMA+FS+SUMB) +F«SUNB+SUNAF T+5UMY

DZF=F+FS+FT
RG=(GX*GXP+GY+GYI+F +G21) /GG
CK1=
xx01y=X
r(lr=y
FP(I=F

HH2([)=0TD

sk (D) =08S

CHEET L) =K

CHK20T =0

CONT [RUE

WRITE (6,32)

WRTTE (A, 310 (THHCD) JXXcI,
TCKKT D) JCRRZCD) ,PHICD) 121 NTH)
IFCJI.EQ. 1) GO 7O 3

ud 4 I=1,NTH

DRUCE) =(FHICT) -BRUCT) 1y /USSR T)
THRB LT = iARBL D #1 L +BRU (D) #DTH5 (1)
G=1.935¢ (CHB(T)~0.7 )81 ¢
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29.70 G=L+GRUL L) #DGS (D)
2980 THNB(T)=THNB (1) +GRUCT)#BTNS (1)
2990 1IF(6.LE.3.3) GO TO 501
3000 HBC(D)=(1.535/(6-3.3))%40.3646+0.7
3010 H=HB(1)
3020 E=-(G+H) (2. /(H*k (H+1,)$(H+2.)))
3030 BETB(I)=1.%THNB(I)/(THMB(I)+E)
3040 4 CONTINUE
3050 300 2 I=1,NTH
3060 H=HB(1)
3070 THM=THHB(I)
3080 BET=BETE(I)
3090 US0=USR(I)
3100 FSO=FFS (1)
310 CK1=CKKT (1) ¢
3120 CKO=CKK2(T) 4
3130 CALL EBLAY{RN,US0,F50,CK1,CKZ H.THA,BETCF, OTH, 06, IITH, THN) ?
1140 KTH(L)=RN+USO*THM !
050 ROCI)=RTH(I) *H !
2160 DTALI ) =H+THHE( D)
3170 CFL(L)=2000.+CF
31890 CF=CFL(T)
3190 CALL FUCFO3UMI,50M2,5UN3,5UM4 0108, BET,CFLCMUW,LFRE, OS2
5200 CFUL{T)=LFuM
219 CFEL{I1)=CFEE
3220 CSL (1) =083 ]
230 GRU(L)=FHI (L) i
3249 TTHOD) =TTHOT) +0S+HH2 (1)
3250 DTHS (L) =0TH
1260 UGS =06
1270 ST (1) =0TH
5239 2 CONTINUE

» 3290 WRITE(S,40) JJ,51

i 1300 WKITE (G, $4)

: 1310 WRITE(S,35) (HEuI), THMB(D) ,O0TACT) BETE(D) ,CFL{TY ROV D) LRTHOD ),

1320 1CFWLCT),CFELET) L CSLY ) T=1 ,NTH)
3330 RETURN
3340 501 WRITE(Y,406)
1150 WRITE(9,407) 6 4
1355 URITE(?,409) JJ,57
3340 STUF
3379 IULORMGT ol 1205, 0.9, 5F12.5)
5186 Lo FURMATC/ 71201 TH X Y e

, 3390 1 F5! bTDS R K1 2 FHi :

+ 1400 1)

)




U,

3410

3420

14390
34490
3450
1455
“4450
470
1480

34 FORMAT(/1194 H TH DE

t CF kS RTH CFU CFEB
2/)

35 FORMAT(SF12.5,1H ,E11.4,1H ,E11.4,14 ,3F12.95)

40 FORMAT(//25H BOUNDARY LAYER AT S(I3,2H)=F8.4)

405 FORMAT(I9H FAILED AT STA NU =,114,3H S=,1F8.5)
406 FORMAT(46H 6 IS LESS THAN 3.3 CANNODT CONTINUE IN AUK
407 FORMAT(3H G=,1E15.5)

END

kt 1A




3490
3500

3310

3520
3330
3540
3350
3560
3570
3580

390
3600
3010
3620
3630
3640

6=1.535%((H-0.7)%%(-2,715)1+3.3
F=0,0306%((G~3.)+%(-0.653))
THN2=THN*#2
RT=RN*USO:xTHM
C=ALOG(KRT)
C2=CxC
£3=C2%C
A=0,019521-0,386768%C+0,0283454C2-0,000701+C3
B=0.1919511-0.834891#C+0.0462588+4C2-0.001953+L3
CF=0.5%EXP(A*H+E)
20 DTH=CF-+THM+ (CKO1-(2.+H)*F50)
DG=F/THN+G*(CKD1 -FSG-DTH/ THH)
DIN=BET#CF+2 .4 THN+(CKO1-PSO) ~THM+(1.+H)«CKD2
10 RETURN
END
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SUBRDUTINE BLAY(RN,US0,PS0,CKO1,CKO2,H,THM,BET,CF,DTH, D6, DTN, THN)




N

1550 SUBROUTINE FCF(SUN1,5UM2,SUM3,SUN4 ,BTES, BET,(F,LFUW, FER,L3T)
3660 X2=SUNT*SUMT+SUN2+SUN2
3670 Y=5UN1*SUMA-SUM2:+SUNT
3680 Y274y
3690 [=SQART (X2+Y2)
3700 XN1=SUN2/D
3210 XN2=-5U81/D
3720 XN3=Y /I
, 3730 51=0UNI+SUNI*DTDS
i 3740
: 1750
E ! 5760 §2=5UM4+5UM2XDTDS
E 70 SD=SART(S51+51+52¢52+1,)
; 1780 $1=51/50
3 3799 52=52/50 :
3800 53=1./SD {
3810 B1=524XN3~55 6 AN2 !
3820 BI=53% XN -S14XN3
sB20 BI=S1#XN2-524XN1
3540 CS1=CF+(ST+RETHE1)
3850 £52=CF i S2+BET#B2)
3860 LS3=CF+(S3+BET+ED)
3870 [F(SUM2) 1,21
1880 2 Wi=0, i
38990 N3=1.0 f
3900 i3 10 3
3916 1 Wlzoun3- Suint rsUne/SUND
1924 WD=SART(N1*Ut 1)
3910 W1=W1 /UL
39490 W3i=1./uD
3950 3 OIF(SUAT) 4,5,4
31940 9 02=0.
£ 3970 D3t .0
1989 6D T0 &
5990 4 DZ=5UMA-SUNZHSUND. SUMT
4909 WO=SARTCO2+D241.)
, 4010 p2=02/Ul
! 4020 03=1./ul
4030 b LFUW=WI RS 1+ 34053
10490 CFBB=D2405. 4134053
4050 RETURN

106y N




4070
4080
4090
4100
4110
4120
4130
4140
4150
41460
4170
4180
4190
4200
4219
422¢
4230
4240
4250
4260
4270
4260
4290
4300
4319
4320
4330
4340
4359
4364
1370
4380
343990
1400
4410
4420
4430
4449
4450
4460
4470
4480
4490
4500
45110

wi

~3

3

SUBROUTINE GLUG(N,M)

COMMON /G/BN(25,10),UK(50),0K(50),TH(50) , THO

DIMENSION ANK(10,50)
N2=24N-1

M3=M2-3

B0 1 I=1,N

D0 2 J=2,K2

SUA=0.0

IF(J-#) 3,3,4

DO 3 L=1,J

C=i.-3

Li=J+1-L

SUM=SUN+C# (BNCLT,T)#BN(L, 1))

60 T0 7
NIENEIET

B0 6 L=J1,H
C=L-1
L1=J+1-L

SUM=SUM+C+ (BN (LY, 11#BNCL, 1Y)

ANK(T, J)=5UN
WK(J)=0.0
CONTINUE
CONT INUE

g 29 J=3,m2
Je=J-2
SUK=0.0

0o 30 L=1.42

]
[l

C=1./C
SUM=SUN+L

WK (J)=50M

00 6§ J=2,M2
5UM=0.0

5O 9 I=1,N

C=d-2+]
SUM=SUM+CAMIC T, J)
DK () =50

00 27 LA=1,n3
SUM=0.0

LM =L+ 3

UiN=1.

DO 28 LK=LMM,M2
Kh=LE~LH-2

XHE =K

UN=—1 L £ UN
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4520
4530
4540
4350
4560
4570
4580
4590
4600

28 SUN=SUN+DK (LK) * (1. +UN) / XMK

27 TH(LM)=SUM

10

TH0=0.0

DG 10 J=3,M2

Ad=J-2

U=(-1.0%%(J-2)
TMO=THO+DRCJ)+ (1. +U) /A
RETLx:

END
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LR SUBROUTINE UGH(ST (N, M, FAC,FACE, TENDS)

4420 COMMON /G/BN(25,10),WK(50) ,0K(50), Tn(50), THO
4430 COMMON /U/ANCTO) ,ANP(10) ,ANPFL10) ,CNCT1O) ENF(10) ,GNCTO) ,CNFF (107,
4640 1FAC
1 4550 DIMENSION ANFFP(10),SP(50)
4660 M2=248-1
l 1870 MI=f2-3
_ 4480 §F41)=1.0
" 1690 00 11 L=2,42
) 3700 11 SP(L)=5F(L-1)*5T
4710 DO 12 J=1,N
4720 AN(J)120.0
4730 ANF(J3=0.0
\ 4749 ANFF(J1)=0.0 5
4750 ANFFI(J)=0.0 i
‘ 4760 0o 13 L=1,n j
‘ 4770 13 ANTD) =ANT) +BN(L, J)*SP (L)
4780 00 14 L=2,H
4796 C=L-1
4800 14 ANF(JI=ANP (J)+BN(L, J)#SF(L-1)%C j
4810 00 15 L=3,M ;
4820 Ce(L-D#(L-1)
4830 15 ANFP(J)=ANFF(J)+BRIL, J)#SF(L-2)+C
4640 00 22 L=4, H
4859 C=(L-31 %40 -25%(L-1)
4840 22 ANPPP (I =ANPFE (D) +CHBNL, J)#5F(L-3) ;
4870 12 CONTINUE !
4880 GN(1)=0.0
4990 CN(1)=0,0 :
4900 CNF(1)=0.0
3919 CNEP(1220.0
4929 00 16 L=1,N
4739 C=3-2%L
4940 CNGCT H=CNCE ) FANE (L ) *ANCL) %0
195y CNFFOI)ZENFF (1243, 0#4CHANF (L) #ANFIE (L) +CHAN (L) #ANFFF (L)
AGAG Th CNFOT)ZCNFCT )+ {ANFR (LY #ANCL) +ANF (L) 442+ ,
4979 7700 47 J=2. '
4989 CN(J3=0.0
4990 CNF () =0.0
5000 CNFELSD 0.0
SRR LU=N-J+
NG 00 1g =1,
2130 C=3-2¢l
"4 L=+l -1

590 CHCDY=UNCI) +ANF L D) #ANCL) ¥




CNPROJ)=CNPF I+ 2 OxCHANF (L) #ANPE (L)) tLRANFR CL ) 2aNE LD

1+C*AN(L)*ANPPR (L)
18 CNFCS)=CNPCJ)+CANPF (L) *AN(L) +ANP (L)) *ANP (L) )+C
GN{J)=CNCD)
D0 19 L=J,N
C=3-2%L
LJ=L+1-J
CNCI)=CNCI) +ANFCL D) AN (L) #C
UNFFOD)=CRPR O +2 . 04C*ANP (L) #ANFF (L 1)
T+CANPP (L) #ANF (L) +CHAN(L) #ANFFFCL D)
19 CNFUJ)Y=CNF D)+ CANFR (L) #ANCL)+ANF (L) +ANF (L) ) #C
17 CONTINUE
SUMI=0.0
SUN2=0.0
00 20 L=3,M2
el=L-2
20 SUMT=5UM1+CL*DICL) « WKL) #S (L -2)
Do 21 L=1,M3
Cl=L
21 SUM2=SUMZ+CLETHMCL) #51 (L)
SUM3=0.0
00 23 1.=4,M42
CL=(L~2)#(L-3)
23 SUNI=SUMI+CLADR LY (LY 4SF(L-3)
SUM4=0.0
00 24 1.=2,M3
Cl=t+(L-1)
24 SUMA=SUMA+LLHTMIL ISP (L -1)
FS=4.-4,45F(3)

BOF=-0.540NF O #ALDO (RO +4, 45 220UNCT ) /RS54 5URT =005 i)

FAC=BOF+CNP O FALOGCANCT 1) bCNCT Y RANF (T2 /AN LT

BOFF=-0.54CNFF 1) FALOGIFS) +4, 4 (CONTT D2 #5002 il

T3 5P () tON T A CRSHFS M3 -0 LN SRS

41 FALE=BOFP+ONFE O, cALOGCANCII D+ (2 0P UNF O ANF DT h 4000 e Nk

F/ANCTI-CNCI) A CANF OISV ANCT e 2
B0=0.0
Mooty 123 ,m2
2S5 BO=BOsU CO oD esp e o)
D0 26 5=1,41
C8 BUSRU-u SETMOd) K50t
BO=RG .5 ¢ THO
FAC=LN ) AL D0 VAN ) vBO#ST=-0. 32N (T vALUn P D)
RETURN
END




4.@&@_;;

100 FILE S(KIND=REMOTE,MAXRECSIZE=22
110 FILE 6(KIND=PRINTER,MAXRECSIZE=132)
120 FILE 72(¢TITLE="TBL3DOPT" ,KIND=DI5K,FROTECTIO=SAVE ,MAXRELS5IZ2E=22)
130 FILE 8(TITLE="BNSAL" ,KIND=DISK,FILETYFE=)
140 FILE 9(KIND=REMOTE,MAXRECSIZE=22)
; 150 FILE 10(TITLE="TBLIDINP" ,KINO=DISK,FILETYFE=7)
180 FILE Y1 (TITLE="TBLSAVE" KIND=D0I9h FROTECTIUN=9AVE \NAXRECSTZE=22)
170 $RESET FREE
180 { FROGKAM TURBULENT BOUNDARY LAYER COORDINATE SYSTEM, EODY
190 C GEOMETRY, AND POTENTIAL

200 COMMON /AZ/ BN(25,10)
210 COMMON 7R3/ WRCS0), DKo , TROS0) J L 10 LU CTOy BNt
220 LOMMON A4/ ANCIO) ,ANFOIO) ,ANFFC10)
‘ 230 COMMON /R6/ TTHLS0)
i 240 COMMON /BS/7 XAV100,590) YACT00,50) ,5V 100,500, CFO00,50

250 COMmON ~ /7 TITLEC1I2),TITL(S)
2460 00 21 I=1,25
~70 DU 21 471,10
280 21 BNCL,0)=0.0
290 gy 22 [=1,59
400 WR(I)=0.0
510 M (1)=0.0
129 22 Tadl)=0.0
330 RIZAD(B, 10 (TITLEY ) J=1,12)

3 349 WRITEC9, 1) (TITLECS) . J=1,12)
350 WRITE(7,1) (TITLECD),J=1,12)
340 READ(B,405)N,KPIT, BL
370 NELTE(Y, 300 N KPR, BL
380 00 13 J=1,n
390 FEANC(B,3 ) (ENCL,J) o L=T1iFi)
304 WRITEL?,4) ¢ Bruvi, )o1K
IS NE 13 CONTINUE
RNV WRITECY? 4145
30 WRITI (9,415
440 MR LTU Y, 3168)
Y50 WRLITE(Y,41.7)
36V WRITE(9,418) ;
470 READCS, 4120 NINFT “
18 GuTl (301,302,305 oinfl ’
470 01 Whiters.419)
o sTopP
510 302 WRITE(9,400)
520 WRITE(9,420)
EBD; READ 5,317 LLBL t
L IFCLEL.NELY Y GO0 210

| 8K




550 WRITEC9,421)
360 READ(S,401)BL
570 WRITE(9,401)BL
580 210 WRITE(9,422)
590 KEAD (5,401)5TART
600 WRITE(9,401)S5TART
610 WRITE(9,423)
&20 READ (5,401)SHFINIS
530 WRITE(9,401)SFINIS
640 WRITE(9,424)
650 READ (5,405)NSTAT
6460 WRITE(D,405)NSTAT
670 WRITE(9,425)
680 READ (5,405)NTH
590 WRITE(9,405)NTH
700 WRITECT1,401) R
210 WRITEC11,401) START
220 WRITE(11,401) SFINIS
730 WRITE(11,405) NSTAT
740 WRITECH]1,40%) NTH
50 GO TO 304
e 395 READN vlo, 901 vhL
e READ £15,401) sTAKI
w0 READ (10,4013 SFINIS
) READ (10,405 NSTAT
300 READ (10,4059 NTH
BARL 304 CONTINUE
60 WRITEC?, 20 NG KPE, BL
330 WRITEC7.9) START,SFINIS,NSTAT,NTH
340 TTH( =0, v
350 FLO2= -1.570794832579
300 EN=tTH-I
AT 07=FID2/EN
880 DO 200 [=2,NTH
820 200 TTHCI) =TTH(I-1)+DT
900 WRITEC(?, (T iHCT), [=1 ,NTH)
Y10 Ju WRITE(S,8)
R WRITEr s, 1) CTITLECS) =1 ,1 )
730 DO 4 I=1,%PK
a0 Dy 4 J=1,N
Y, 4 BN(I,J)=BL¥BNCL L)

1 740 EN=NSTAT-1

3 770 Ho= 5P INIS-START) JEN
ge 0S0=DS
790 = -STARTZIG+Y,

i ]9 !
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1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
11990
1200
1210
1220
1230
1240
1250
1260
127
1280
1290
1300
1310
1320
1330
1340
1350
1350
1370
1380
1399
1400
14190
1470
1430
“40

c

S0V

[0, I &N I O B

[e2]

5

400
401
402
403
404
405
406
40/
404
409
410
411
412
413
414
415
415
417
418
419
420
421

po 23 I=1,10
AN(])=0.0
ANF(1)=0.0
ANPP(1)=0.0
CN(I)=0.0
CNP(1)=0.0
GN(1)=0.0

CALL GLUG(N,KFK)}
ST=START-IIS

Do 7 JJ=1,NSTAT
10=0

INDEX=0

ST=5T+l0n

CALL AGH(FAL .M NTH,J,D05,5T,10, INDEX, KIFK)
015=p50

LONTINUE

CONT [NUE
FORMATC1286)
FORMAT(2{10,F10.5)
FORMART(IF10.9)
FORMAT "JF10.5,2116)
FORMAT ('H1)
FORMATC(3AT0)
FORMATCS)H [0 YOU WISH TO ENTER NEW BL¥ )
FORMATC1F10.5)

FORMAT (20H RL= 1F10.95 )
FORMAT {391  HB THME BETE 3F10.5 )
FORMAT(1%4 NTH= 115 )

FORMAT(21%,1F10.3)
FORMATC(IF 0.9

FORMAT (24H RE= 1F2001 )
FORMAT (AR RE=)

FORMAT V24 w5TAT:= 115 )
FORMAT(3OH 51 52 PR L )

FORMAT(25H TTH=
FORMAT (1T
FORMATC2SH END UF | TLE REACHED )

FORMAT (3uH NINFT DENGTES THE TYPE OF [WFUT
FORMAT (23H NINFT=1  CARD bATA )
FOURMAT(23H 2 REMOTE )
FORMAT(23H 3 STORLD DATA )
FORMAT (- YSH WINPT 111 )

FORMATCAIH FROVIOE KEAD STATEMENTS FO® CARDS At 304
FORMAT(27H [+ YES TYFE © NO TYFE © )
FORMAT . 1SH BL= 1.5 !

0
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1450 422 FORNAT(20H START= 1F10.5 )

1460 423 FORMAT(20H SFINIS= 1F10.5 )
1470 424 FORMAT(20H NSTAT= 113 )
1480 425 FORMAT(20H NTH= 113 )
1490 END

¥

. .

e
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1500
130
1520
1330
1540
1550
1540
1570
1580
1590
1600
1610
1620
1630
1640
1650
1460
1670
1680
16%0
1700
1210
1720
1730
1740

750
1760
1770
1780
1794
1800
1810
1820
1830
16840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1949

31

(&

- 3

30
29

SUBROUTINE GLUG(N,M)
COMNON /A2/ BN(25,10)
CONNON /A3/ WK(S0),DK(50),TN(50),CN(10),CNP(10),GN(10)
DIMENSION AMK(10,50)
H2=24K-1

N3=24H-4

Bo 31 I=1,10

Do 3t J=1,50
AMK(1,0)=0.0

00 1 I=1,N

DO 2 J=2,H2

SUH=0.9

IFCI-1) 3,3.4

DU 5 L=1,4

C=L-1

Li=d+i-L
SUM=SUM+C* (BN(L1, D) *BN(L,1))
60 TO 7

JtzJer -

00 6 L=J1,H

C=L-1

L1=d+1-L
SUM=SUM+T+ (BN (L1, 1)4BN(L, 1))
ANK(T,J)=5UM
WK(J)=0.0

CONTINUE

CONTINUE

U0 29 J=3.i2

J2=4-2

5UN=0.0

BO 30 L=1,J2

=L

C=1./C

SUM=SUN4C

WK (J) =50

00 8 J=2,42

SUK=0.0

00 9 I=1,N

£=3-2+1
SUM=SUM+CHANK(T, J)
DK (J)=5UN

00 27 LA=1,M3
SUN=0.0

LMM=LN+3

UN=1.
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A L T S

1950
1940
1970
1980
1990
2000
2010
2020
"

DO 28 LK=LMM,H2
KN=LK-L¥-2
XHK=KN
UN=-1.%UN

28 SUM=SUM+DK(LK)®(1,.+UN)/XNK

27 TH(LM)=SUM
RETURN
END
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2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2230
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
23460
2370
2380
2190
2400
2410
2420
2430
2440
2450

19
17

20

SUBROUTINE POT(ST,N,MN,FAC)
CONNON /A4/ ANC10),ANP(10) ,ANPP(10)

CONMON /A3/ UK(50),DK(50),TN(50),CN(10),CNP(10),G6N(10)

COMKON /C1/ SP(S0)

H2=20H-1

M3=M2-3

BN(1)=0.0

CN(1)=0.0

CNP(1)=0.0

00 16 L=1,N

C=3-2¢L

CNC1)=CNCT)+ANP (L) *AN(L) *C

CNP (1) =CNP (1) + CANPP (L) *AN (L) +ANP (L) #:42)#C
DO 17 J=2,N

CN(J)=0.0

CNF(J)=0.0

LU=N-J+1

10 18 L=1,LU

G=3-240

Ld=J+L~1

CNCJ)=CNCJ) +ANP (L) #ANCL) #C

CNP (J)=CNP(J)+(ANPR (LJY#ANCL) +ANF (LJ) #ANP (L) )¥C
GNCJI=CNLD)

DO 19 L=J,N

£=3-2+L

Ld=L+1-)

CNGJ)=CNCJ) +ANP (L J)RANCL) #C

CNP(J)=CNP (J)+CANPP(LJ) #ANCL ) +ANP (LJ) $ANP (L) ) #C
CONTINUE

SUM1=0.0

5UK2=0.0

06 20 L=3,M2

CL=L-2

SUMI=SUN1+CL*DK (L) #WK (L) #SF(L-2)

B0 21 L=1,H3

CL=L

SUN2=SUN2+CLATHIL)#SF (L)

PS=4.-4,45P(3)

BOP=4.+5F (2)+CN(1)/PS
BOP=BOP-0.5+¢LNP (1) +ALOG(PS) +SUMI -0, 5+SUN2
FAC=BOP+CNP (1) +ALOG (ANC1) ) #CNU1)$ANE (1) /AN(T)
RETURN

END
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2460 SUBROUTINE BODY(ST,N,N)
2470 COMMON /A2/ BN(25,10)
2480 COMNON /A4/ AN(10),ANP(10),ANPP(10)
2490 CONNON /C1/ SP(S0)
2500 N2=2:4M-1
2510 M3=24M-4
2520 NA=N2+1
2530 §P(1)=1.0
2540 D0 11 L=2,K2
2550 11 SP(L)=SP(L-1)4S§T
25640 DO 22 L=N4,50
2570 22 SP(L)=0.0
2580 D0 12 J=1,N
2590 AN(J)=0.0
2600 ANP(J)=0.0
2610 ANPP(J)20.0
2620 00 13 L=1,M
2630 13 ANCJ)=ANCII4BN(L, ) *SP(L)
2640 DO 14 L=2,H
2650 C=L-1
2660 14 ANP(J)=ANP(J)+BN(L,J)#EP(L-1)4C
2670 DO 15 L=3,M
2680 C=(L-2)%(L~1)
2690 15 ANPP(J)=ANPP(J)+BNIL,J)#5P(L-2)4C
2700 12 CONTINUE
2710 RETURN
2720 END




2730 SUBROUTINE BDER(DSBT,S,N,KPK,TH)
2740 COMMON /A4/ ANC10),ANP(10) ,ANPP(10)
2750 CALL BODY(S,N,KPK)
2760 X5=0.0
2770 ¥$=0.0
2780 X7=0.0
2790 Y7=0.0 3
2800 DO 1 J=1,N
2810 C=3-2+)
: 2820 CC=COS(CHTH)
1 2830 §S=SIN(L#TH)
2840 XS=XS+CC:+ANP (J) 4
{ 2850 YS=YS+5S+ANP () , §
2860 XT=XT-5S+C*AN(J) i
2870 1 YT=YT+CC4C#AN(J)
2880 DSDT=- (XS#XT+YSHYT)/ (XS*XS+YS#YS+1,)
2890 RETURN

2900 END

o




2910
2920
2930
2940
2950
2640
2970
2980
2990
3000
3010
3020
3030
3040
3050
3040
3070
3080
3090
3100
3o
3120
3130
3140
31350
3140

|1+

SUBROUTINE AGH(FAC,N,NTH,JJ,DS,ST,1ID, INDEX ,KPK)
CONNON /A3/ UK(50),DK(50),TN(50),CN(10),CNP(10),6N(10)
CONMON /A4/ ANC10),ANP(10),ANPF(10)

CONNON /A4/ TTH(S0)

COHMON /BS/ XA(100,50),YA(100,50),5v(100,50),CP(100,50)
DINENSION SS(50)

WRITE(6,27) JJ,ST

WRITE(7,427) JJ,ST

§5(1)=8T

00 1 I=1,NTH

IF(1.6T.1) GO T0 2

TH=TTH(1)

§285(1)

CALL BDER(DSDT,S,N,KPK,TH)

GO TO 3

TH=TTH(I-1)

$=85¢1-1)

CALL BDER(DSDT,S,N,KPK,TH)
§1=68(I-1)4(TTH(I)=TTH(I-1))*+DSDT

TH=TTH(I)

CALL BBER(DSDTC,S1,N,KPK,TH)

§§(1)=65(1-1)+0.58 (TTHC[)-TTH(I-1)) ¢ (DSBTC+ESET)
§=§8(1)

CALL POT(S,N,KPK,FAC)

X=0.0

¥=0.0




.

3340
3370
3380
3390
3400
3410
3420
3430
3440
3450
3440
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
34670
3680
3690
3700
3210
3720
3730
3740
3750
3260
3?7270
3789
3790
3800

23

SUN20=0.
sumM21=0.
Do 23 Js
C1=24)
c2=1.-C1
Cc3=2.-C1
€4=3.-C1
CS1=COS(C1+TH)
£52=C08(C2«TH)
C53=C08(C3+TH)
C54=C0S(C4xTH)
S52=SIN(C2*TH)
S53=5IN(C3*TH)
§54=5IN(C4+TH)
SUMI=SUM1+CNP (J+1)%CS1/C1
SUN2=SUN2+CN(J)*CS2
SUNM3=SUNI+CN(J)*552
SUMA=SUR4+ANP (J)*CSA
SUNS=SUMI+ANF (J)+554
SUN&=SUN&+AN{ J) $C53+C4
SUM7=SUKR7+AN(J)#553+C4
SUNB=SUNB+ANPF (.))#CS4
SUN9=SUMP+ANFF(J) 554
SUM10=SUM10-AN(J) #(43554
SUM11=SUM11+AN(J)+Ca#CS4
SURT2=50M12-ANF (J)#C4+554
SUMII=SUMII+ANP(J)+CA%CS54
SUMI4=SUM14+CNP (J)*L52
SUN15=50M14+CNP(J) %552
SUM16=5UM146+C2:+CN(J)#CS2
SUM17=5UM17-C2+4CN(.))#552
SUM18=5UM18+C4+ANP (J)*LS3
SUR19=SUM19+Ca:xANP (1) #5853

0
0
1,N

SUN20=5UM20-L4xCI+ANC JI*853
SUM21=5UM21+C4+CI*+ANCJ)*CS53

X=X+AN(J)*L54
Y=Y+aAN(J)*554
DE=SUM&*#245UM7*:42
DEI=1.0/DE

U= (SUM2sSUN4+SUMI*SUM? ) /DE
V=(SUN2*SUM7-SUM3*SUMb ) /TIE

W=-(U*SUM4+V+SUNS) -SUM1+FAC

P=-2. sl-Une2-Y42
XYSS=SUN&*SUN1B+SUMZ#SUN19
XYST=SUN&*SUN20+SUM7 *SUN21
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3810
3820
3830
3840
3850
3840
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
4250

US=(SUM144SUM6+SUN2*SUM18+SUM15+SUN7 +SUNI*SUN1 )
US=(US-2.0sUsXYSS)*DEI
UT=(SUMI7sSUN6+5UN2+SUM20+SUN1 6+SUM7 +SUNI*SUN21)
UT=(UT-2.0%UsXYST)*DEI

VS=SUN1 4:+5UN7+SUM24SUNT19-SUN 15%SUNS-SUNI+5UN18
VS=(V5-2.02VsXYSS)*DEI
UT=5UN17:+SUM7 +SUM2#5UN21 -SUN162SUNS-SUMI«5SUN20
VT=(UT-2.0+V+XYST)*DEI

H=SUN4+5UN4+SUMS+SUNS+1.0

H2=SART(H)

H2I=1.0/H2

H3=H#H2

F=—(SUK10%SUN4+SUM11:x8UNS) /H
G=(SUN10+SUMA*F ) ke2+ (SUNT T +SUNSHF )42 +F *F
G=SART(G)

61=1.0/6

DUDLP=H2I#US

DVDLP=H2I#VS

DUDLP=GI:+(F#US+UT)

DVBLT=GI*(F+VS+VT)

D=SUM10+SUM1 0+SUM1 14S5UM1T 1+ (SUMT0+SUNS-SUNT 15SUN4) #+:2
D=SORT (D)

EN1=SUNL1I/D

EN2=-5UN10/D

EN3=(SUM10:+SUMS-SUM11#5UN4) /T
ET1=(SUNS*EN3-EN2) /N2

ET2=(EN1-SUM4+ENT) /H2

ET3=(SUMAHEN2-SUMSHENT ) /H2

EP1=5UN4:«xH2]

EP2=5UMG+H21

EP3=H21

COMPUTATION OF XKT THE GECGUESIC CURVATURE OF THE FHI COORDINATE
HD=(SUN4A+SUNB+SUNS*SUNT ) /H3

EF15= SUNB*H2I-S5UM4+HD

EP25=SUNT7+H2T -SUMS*HI

EP3S = -HD

XKT = (ETI4EP1S+ET2+EP2S+ETI+EP3S)#H21
CONPUTATION OF XKP GEONESIC CURVATURE OF THATA COORDINATE LINES
HD=(SUNA*SUM12+SUNS#SUM13)/H3

EP1T = SUM12#H21-5UK4*HD

EF2T =SUM13%H21-5UM5+HD

EP3IT = -HD

6I=1.0/G

PILT= GI#(F*EP1S+EF1T)

P2LT= Gl (F#EP2S+EP2T )
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4260 PILT =GI*(F+EP3S+EFIT)

4270 E1=P2L T#EN3-PILT#EN2

4280 E2=PILTSEN1-PILT+EN3

4290 E3=P1LTSEN2-P2LT+EN1

4300 XKP=(SUNA#E 1 +SUNSHE2+E3) #H21
ano ¢ CONPUTATION OF UP,UT, AND UN VELOCITIES IN ORTHDGONAL COOKDINATES.
4320 W=1.0  +W

4330 UN=ENT*U+EN2¢V+ENT*W

4340 UT=ET1:4U+ET24V4ET 30l

4350 UP=EP1$U+EP2#V+EF3+l

4340 H=H2

4370 WRITE(6,408) 1,X,Y,TH,U,V

4380 WRITE(7,408) 1,X,7,TH,U,V

4390 WRITE(6,408) 2,U,UF,UT,UN,55¢(1)
4400 WRITE(7,408) 2,U,UF,UT,UN,55(1)
4410 URITE(6,408)3,XKF XKT H,F,G
4420 WRITE(?,408)3,XKF,XKT,H,F,G
4430 1 CONTINUE

4440 500 RETURN

4430 27 FORMAT(//7H §(12,2H)=F9.6)
: 4440 400 FORMAT(BE!S.7)

| 4470 408 FORMAT(1I3,5E15.7)

4480 427 FORMAT(1I3,1F%.4)

4490 END
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HFILE (CH
100 FILE
120 FILE
130 FILE
140 FILE
130 FILE
180 FILE
170 $RES
180 €

190

200

20

220

230

240

2350

260

270

260

290 21
300

310

320

330 22
J40

350

340

370

380

3%0

400

410

420 13
430

440

450

460

470

480

490

300 301
910

520 302
530

540

350

560

520

XL)CBLGEO ON DTNSRDC
5(KIND=RENOTE ,NAXRECSIZE=22)
7(TITLE="CBL3DOPT" ,KIND=DISK,PROTECTION=SAVE ,NAXRECS1ZE=22)
B(TITLE="BNSAL",KIND=DISK,FILETYPEa7)
9(KIND=REMOTE , NAXRECS1ZE=22)
10(TITLE="CBL3DINP" ,KIND=DISK,FILETYPE=7)
11 (TITLE="CBLTAPE",KIND=DISK,PROTECTION=SAVE , NAXRECSIZE=22)
ET FREE
PROGRAN CBL
COXNON /A2/ BN(25,10)
COMMON /A3/ WK(50),DK{50),TN(50),CNC10),CNP(10),6N(10)
COMMON /AA/ AN(10),ANPL10),ANPP(10)
COMMON /Ab/ TTH(50)
COMKON /B5/ XA(100,50),YA{100,50),5V¢100,50),CP{100,50)
COMNON / / TITLE(!D),TITL(D)
DIMENSION S(50),%(50,50),Y(50,50)
DIMENSION SE(500),XE(500),YE(500), THE(500)
DO 21 I1=1,25
DO 21 J=1,10
BN(I,4)=0.0
D0 22 1=1,50
WK(1)=0.0
DK(1)=0.0
TH(1)=0.0
READ(8,1) (TITLE(J),d=1,12)
WRITE(9, 1) (TITLECH),d=1,12)
URITEC7,1) (TITLE(J),J=1,12)
READ(8,405)N,KPK , BL
WRITE(9,405)N,KPK,BL
PO 13 J=1,N
READ(8,3 ) (BN(1,J),1=1,KPK)
WRITE(9,3) ¢ BN(I,J),I=1,KPK)
CONTINUE
WRITE(9,414)
WRITE(9,415)
WRITE(9,414)
URITE(9,417)
WRITE(9,418)
READ(5,412) NINPT
GOTO (301,302,303) NINPT
WRITE(9,419)
STOP
WRITE(9,400)
WRITE(9,420)
READ (5,412) LBL
IF(LBL.NE.1) GOTO 210
WRITE(9,421)
READ(S,401)BL

101

BRIV PUSSNNT I




. . " .
o 8 v Ak A e A+ -

s - .

580
590
400
650
660
670
480
690
200
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
940
950
960
970
980
990
1000
1010
1020
,1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140

WRITE(9,401)BL
START=-1.000
SFINIS=1.000
WRITE(9,424)
READ (5,429)NSTAT
URITE(9,405)NSTAT
WRITE(?,429)
READ (5,429)NTH
WRITE(9,405)NTH
WRITE(11,401) BL
WRITE(11,401) START
WRITE(11,401) SFINIS
WRITE(11,405) NSTAT
WRITE(11,405) NTH
GD TO 304
READ (10,401)BL
READ (10,401) START
READ (10,401) SFINIS
READ (10,405) NSTAT
READ (10,405) NTH
CONTINUE
WRITE(7,2) N,KFK,BL
WRITE(?,5) START,SFINIS,NSTAT,NTH
TTH(1)=0.0
PI02= -1.57079632479
EN=NTH-1
DT=PI02/EN
DO 200 I=2,NTH
TTH(D) =TTH(I-1)4DT
WRITE(9, ) (TTH{D),1=1,NTH)
DO 4 I=1,KPK
DD 4 J=1,N
BN(I,J)=BL#BN(I, J)
EN=NSTAT-1
DS=(SFINIS-START)/EN
DS0=DS
KD=-§TART/DS+1.
D0 23 I=1,10
AN(1)=0.0
ANP(1120.0
ANPP(1)=0.0
CN(1)=0.0
CNP(1)=0.0
GN(1)=0.0
5T=5TART-DS
KTHAO=NTH-1
8(1)=57
DO 201 1=1,NSTAT
§(1)=5(1)+DS
DO 211 J=1,NTH
CALL CORB(N,S(I),TTH(J),X(I,J),Y(1,J) ,KFK)




150 21
1160
1mze 201
nn
1172

204

202

RGO —

70
207
400

402

405

409
410

412

CONTINUE

S(I41)=8(I)

CONTINUE

DO 204 J=1,NTH

X(1,J)20.0

X(NSTAT,J)=0.0

NSHO=NSTAT-1

NTHHO=NTH-1

DO 202 I=1,NSHO

SSE=S(1)40.5¢DS

B0 202 J=1,NTHNO

HP=J+NTHHO*(1-1)

SE (WP)=8SE

THE(HP)=TTH(J)+0.5+DT

CALL CORD(N,SE(NP),THE(NP) ,XE(NP),YE(HP) ,KPK)
CONTINUE

DO 203 I=1,NSMO

DO 203 J=1,NTHNO

HP=J+NTHHO*(1-1)

WRITE(7,424) NP

URITE(7,427) 1,5(1),X(1,0),Y(I1,0), TTH(J)
WRITE(7,427)2,8(141),X(141,0),Y(1+1,0),TTH())
URITE(7,427)3,8¢1+1), XCI+1,J41) , YAI41,04 1), TTH(J+1)
WRITE(7,427)4,5(1),X(1,J41),Y{1,J+1) , TTH(J+1)
WRITE(7,427)5,SE(MF),XE(NP),YE(NP) , THE (NP)
CONTINUE

FORMAT (12A6)

FORMAT(2110,F10.5)

FORMAT(7F10.5)

FORMAT (2F10.5,2110)

FORMAT(1H1)

FORHAT(3A10)

CONTINUE

FORMAT(3OH DO YOU WISH TO ENTER NEW BL? )
FORMAT(1F10.5)

FORMAT(20H BL= 1F10.5 )
FORMAT(3BH  HB THMB BETB 3F10.5 )
FORMAT(ISH NTH= 115 )
FORMAT(215,1F10.5)

FORMAT (3F10.5)

FORMAT (24H RE= 1F20. 1 )

FORMAT (4H RE=)

FORMAT (24H NSTAT= 115 )
FORMAT (30H 51 82 7F10.5 )
FORMAT(25H TTH= 1F10.5 )
FORMAT(111) ]
FORMAT(25H END OF FILE REACHED )
FORMAT(38H NINPT DENOTES THE TYPE OF INPUT )
FORMAT(23H NINPT=1 CARD DATA )

FORMAT (23H 2 RENOTE )

FORMAT (23H 3 STORED DATA )




5

1960
1970
1980
1990
2000
2010
2020
2030
2001
2033
2033
2036
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2340
23720
2380
2390
2400
2410
2470
2430
2440

418
419
420
421
422
423
424
425
424
427
428
429

23

22

4"

FORMAT(//15H NINPT 1

)

FORMAT(43H PROVIDE READ STATEMENTS FOR CARDS AT Jo1 )

FORMAT(27H IF YES TYPE 1 ND TYPE 0
FORMAT(15H BL= 1F10.5 )
FORBAT(20H START= 1F10.3 )
FORMAT(20H SFINIS= 1F10.5 )
FORMAT(20H NSTAT= 113 )
FORMAT(20H NTH= 113 )
FORMAT(1IS)

FORMAT(115,4F10.5)

FORMAT(12F3.3)

FORMAT(1I3)

END

SUBROUTINE CORD(N,ST,TH,X,Y,KPK)
COMMON /A4/ ANC10) ,ANP(10),ANPP(10)
CALL BODY(ST,N,KPK)

X=0.0

Y=0.0

D0 23 J=1,N

C1=2%)

Ca=3.-01

CS4=COS(CAsTH)

SS4=SIN(C4+TH)

X=X+AN(J)eCS4

Y=Y+AN(J)#554

END

SUBROUTINE BODY(ST,N,N)

COMMON /A2/ BN{(25,10)

COMMON /A4/ ANC10),ANP(10),ANPF(10)
COMMON /C1/ SP(S50)

H2=2%4-1

HI=2+#N-4

Ha=N2+1

SP(1)=1.0

D0 11 L=2,82

SP(L)=SF{L~-1)*ST

[0 22 L=M44,50

SP(L)=0.0

DO 12 J=1,N

AN(J)=0.0

ANP(J)=0.0

ANPP(J)=0.0

DO 13 L=1,M
ANCJ)=ANCJ)+RN(L,J)45P(L)

DO t4 L=2,M

C=L-1

ANP (B =ANP (L)) +BN(L , J)*SP(LL-1)%C
D0 15 L=3,M

C=(L-2)*(L-1)
ANPP(J)=ANPF (1) BN, J)*SP(L~-2)%C
CORTINUE

KRETURN

END
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R T e

WFILE (CHXL)DOUBDD ON DTNSRDC

110 FILE 6(KIND=PRINTER,NAXRECSIZE=132)

115 FILE 7(TITLE="CBL3DOPT",KIND=DISK,PROTECTION=5AVE,NAXRECSIZE=22) 3

120 FILE 8(TITLE="DOUBDOPT",KIND=DISK,PROTECTION=SAVE,NAXRECSIZE=22) |

140 FILE 9(KIND=REMOTE,MAXRECSIZE=22) i
: 160 FILE 11(TITLE="DBLTAPE",KIND=DISK,PROTECTION=SAVE ,MAXRECSIZE=22) :

170 $RESET FREE

3500 C  PROGRAM DOUBBD

3600 INPLICIT REAL*8 (A-H,$,0-2)

3700 DIMENSION VFP(250,250 ),T(3500),TP(1500) ,XINTER(250

3800 1,10,3),516(500 ), INDEX(500 ,3),5Y(2)

3900 DIMENSION NINTER(500 )

4000 DIMENSION IF(500 )

4100 DIMENSION VTENP(250 ,12,10)

4110 DIMENSION TITLE(12)

4120 DIMENSION TTH(50)

4125 DIMENSION MP(50,50)

4130 COMMON /C1/ SE(250),XE(250),YE(250),THE(250)

4140 COMMON /C2/ $(50),X(50,50),Y(50,50) ]

4145 COMMON /C3/ NSTAT,NTH,NSHO,NTHMO o

A150 READ (7,401) (TITLE()),J=1,12) |

4140 READ (7,402) N,KPK,BL :

4170 READ(7,405) START,SFINIS,NSTAT,NTH

4171 NSMD=NSTAT -1

4172 NTHNO=NTH-1

4175 DO 200 I=1,NSHO

174 DO 200 J=1,NTHNO

4180 READ (7,426) WP(I, D)

4185 LP=MF(I,))

4190 READ (7,427) M1,8¢1),X(1, ) ,Y(1,0),TTH(.))

4200 READ (7,427)M2,5(I+1) X (141, ,Y¢1+1,0) , TTH(J)

4210 READ (7,427 )M3,5(1+1),X0I41,J41),YCI+1,041)  TTH(J+1)

4220 READ (7,427)M4,5(1),X¢I,J41),Y(I,J¢1), TTH(J+1)

4230 READ (7,427)M5,SE(LP),XE(LP),YECLP),THE(LP)

42N WRITE(11,426) NP(I,J)

4232 MRITE(11,427) M1,8¢1),X(1,0),Y¢1,0),TIH() ;

4233 URITEC11,427)M2,SCT1+1) X (141,00 ,YCI+1,0), TTH(S) 4

4234 URITEC11,427)43,5C141) ,X(T+1,J41) ,YCT41,041) , TTH(J+1)

4235 WRITEC11,427)04,8(1),X(1,J+1), Y (I, J41)  TTH(J+1)

4234 WRITE(11,427)M5,5E¢(LP) ,XECLP),YE(LP), THE(LF)

4240 200 CONTINUE

4400 NP=(NSTAT-1)#(NTH-1)

4500 IF(NP.B6T.250) STOP
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4501 WRITE(8,402) NP
4502 WRITE(8,406) NSHO,NTHNO
4510 B0 201 I=1,250
4520 D0 201 J=1,10
4530 D0 201 K=1,3
4540 201 XINTER(1,J,K)=0.0D00
4700 CALL XPAPS(AP,UPP,T,TP,XINTER,SIG,5Y,VTENP, NINTER, INDEX)
: 4800 §Y(1)=1.0
i 4900 §Y(2)=-1.0
: 5000 FPI=12.5664D00
] 5100 DO 10 I=1,NP
; 5200 L=(I-1)9341
5300 K=(I-1)87+1
5400 TPILY=T(K)
1 5500 TPL#1)=T(K+1)
5400 TP(L+2)=T(K+2)
5700 SIG(I)=-TP{L)#12.5664D00
5800 D0 10 J=1,NP
5900 VPP(I,4)=0.0
4000 10 CONTINUE
6100 NUNB=0
6200 DO 20 1=1,NP
6300 NUNB=NAXO(NINTER(1) ,NUNB)
6400 20 CONTINUE
4500 DO 21 ITER=1,10
6600 D0 21 I=1,NP
6700 INDEX(I,1)=NINTER(D)-TTER
6800 UTEMP(I,12, 1TER)=DFLOAT (KINO (INDEX(I,1),0))+1.0D00
900 VTENP(I, 12, ITER) =DMAXT (VTENP(1,12,1TER),0.0D00)
7000 21 CONTINUE
7100 WRITE(6,1001) (VTENF(T,12,1),1=1,NP)
7200 WRITE(4,1001) (VTENP(1,12,3),1=1,NP)
7300 DO 1 I=1,NF
7400 D0 23 J=1,NP
7500 VTEKP(J,11,1)=0.0D00
7600 23 CONTINUE
7700 VTENP(I,11,1)=1,0D10
7800 Lx(I-1)83+1
7900 DO 4 KY=1,2

8000 24 DO 2 1TER=1,NUNB
8100 22 B0 3 J=1,NP

8200 Kz(J-1)47+1
8300 VTEMP(J,KY,ITER)=TP(L)-XINTER(J, ITER,1)
8400 VTEMP(J,KY, ITER)=UTENP(J, KY, ITER)+VTENP(J, 11,1)
4500 UTENP(J,KY+2, ITER)=TP(L+1)-XINTER(J, ITER,2) #5Y (KY)
8600 VTENP(J.KY+4, ITER)=TP(L+2)-XINTER(J, 1TER,3)
8700 VTENF (J,KY+6,1TER) =VTEMP(J,KY, TTER)##24UTENP (0, KY 42, [TER) £42
f , 8800 1UTENP(J,KY+4, TTER) #42
8900 WTENP(J,KY+B, ITER) =DSQRT (VTENF (J,KY+4, 1TER))
, 9000 UTENP(J,KY+8, ITER)=VTENP(J,KY+48, ITER) $UTENP (J,KY+6, 1TER)
9100 UPPCT, 10 =UPPLT, J)#+ (UTENPJ.KY, ITER) #T(K+3) 4VTENP (J,KY+2, TTER) 45T (R
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9200 1Y)OT(K+4)+VTENP (J, KY+4, ITER) ST (K+3))sT(K+4)/VTENP(J,KY+B,ITER)
9300 28VTENP(J,12,ITER)

9400 3 CONTINUE

9300 2 CONTINUE

9600 4 CONTINUE

9200 DO 17 ITER=1,NUNB
9800 DO 18 KY=1,2
9900 DO 7 J=1,NP
10000 K=(J-1)8741
] 10100 VIEMP(J,KY+4,ITER)=TP(L+2) +XINTER(J, ITER,3)
10200 YTEMP(J,KY+6, ITER)=VTENP(J,KY,ITER)#42+VTENP (U, KY+2, ITER) #42
10300 14UTENP(J,KY+4, ITER) w42
10400 VTEMP(J,KY+8, ITER)=DSQRT(VTENP (J,KY+4, ITER))
10500 VTEMP(J,KY+8,ITER)=VTENP(J,KY+8, ITER)*VTENP(J,KY+4,ITER)
3 10600 VPP(I,3)=VPP(1,J)+(VTEMP(J,KY, ITER)#T(K+3) +VTEMP (), KY+2, I TER) #T(K+
10700 14)8SY(KY) +VTENP(J, KY+4, ITER) #(-T(K+5)) ) /VTENP(J,KY+48, ITER) 4T (K+6)
10800 2¢VTENP(J,12,1TER)

10900 7 CONTINUE
11000 18 CONTINUE
11100 17 CONTINUE

11200 1 CONTINUE
11300 DO 12 1=1,NP
11400 VPP(1,1)=0.0
11500 VIEMP(1,11,1)=0.0D00
11600 12 CONTINUE
11700 DO B I=1,NP
11800 DO & J=1,NP
11900 VPP(I,J)=UPF(1,.0) /DFLOAT (NINTER(J))
12000 & CONTINUE
12100 8 CONTINUE

3 12200 DG 15 I=1,NP

h . 12300 SUN=0.0D00

‘ 12400 00 14 J=1,NP

X 12500 SUM=SUM+VPPI,J)

. 12600 14 CONTINUE
12700 VTENP(I,11,1)=5UMN
12800 15 CONTINUE
12900 BO 9 I=1,NP
13000 VPF(I,1)==FPI-VTENP(I,11,1)
13100 9 CONTINUE
13200 WKITE(6,10011(YPP(1,1),1=1,NF)
13300 WRITE(4,1001) (VFF(1,1),1=1,NP,S5) 1
13400 WRITE (11,1002) (VPF(I,1),1=1,NF) 4
13500 WRITE(6,1003) (NINTER(I),1=1,NP) 1
13600 WRITE(6,1003) NUMB :
13700 WRITE(6,1001) (C(XINTER(I,J,K) ,K=1,3),J=1,3),VTENF(1,11,1), [=1,NF) 1
'3800 CALL DECOMP(NP,NP,VPP,IP) ‘
13900 CALL SOLVE(NF,NP,VFF,SIG,IF) :
14000 WRITE(6,1000)
14100 00 5 I=1,NP
14200 L=(1-1)43
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14250
14300
14400
14410
14300
144600
14700
14710
14810
14820
14840
14841
14850
14840
14890
14900
15000
15100
15200
15300
15400
15500
13600
15700
13800
15900
14000
16100
16200
16300
16400
16500
16600
16700
14800
16900
17000
17100
12200
17300
17400
17500
17600
17700
17800
17900
18000
18100
18200
18300
18400

OO OO OO0 OO0 00

(]

1002
1000
1001
400
401
402
403
406
424
427
1003

20

URITE(B,400) (-TP(L+1),TP(L+2),TP(L+3),-SIG(1))
URITE(6,1001) (TP(L+1),TP(L+2),TP(L+3),516¢1))
WRITE €11,1002) ((T(7¢I-7+J),J=1,7),5816(1),1=1,NP)
ST0P
FORNAT(8D10.4)
FORMAT(17,20X, POTENTIAL”)
FORMAT(1H ,10D12.5)
FORNAT(10E12.5)
FORMAT (12A6)
FORMAT(2110,1F10.5)
FORNAT(2F10.5,2110)
FORMAT(2110)
FORMAT(115)
FORMAT(11%,4F10.5)
FORNAT(B110)
END
SUBRQUTINE MATINS(A,NK,N1,B,NC,H1,DETERN, 1D, INDEX)
FIVOT METHOD "
MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF SIMUL. EQ.
PIVOT METHOD
FORTRAN IV SINGLE PRECISION WITH ADJUSTABLE DIMENSION
FEBRUARY 1966 S GOOD DAVID TAYLOR NODEL BASIN AN NAT4
WHERE CALLING PROGRAM NUST INCLUDE
DINENSION A( ), B ), TNDEX( )
N IS THE OKDEK OF A
M IS THE NUNBER OF COLUNN VECTORS [N E(MAY BE 0)
DETERM WILL CONTAIN DETERMINANT ON EX1T
1D WILL BC SET BY ROUTINE TO 2 IF MATRIX A IS SINGULAK
1 IF INVERSION WAS SUCCESSFUL
A THE INPUT MATRIX WILL BE REFLACED BY A INVERSEE
B THE COLUMN VECTORS WILL BE REPLACED BY CORRESFONDING
SOLUTION VECTORS
INDEX WORKING STORAGE ARRAY
IF 17 1S DESIKED TG SCALE THE DETERNINANT CARD MAY BE
DELETED AND DETERN PRESET BEFORE ENTERING THE ROUT(NE

INPLICIT REAL#B (A-H,$,0-2)

EQUIVALENCE (IROW,JROW), (TCOLUM,JCOLUN), (AMAX, T)
DIMENSION A{NR ,NR ),B(NR ,NC ),INDEX(NR ,3)
DIMENSION VT(300),IL1(500),5UAP(500) i

INITIALIZATION

N=N1
M=M1 ]
DETERN = 1.0
Bo 20 J=1,N
INDEX(J,3) =
D0 S50 I=t,N

0

SEARCH FOR PIVOT ELEMENT
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18500 C

18600 ANAX = 0.0

18700 D0 105 J=1,N

18800 IFCINDEX(J,3)-1) 60, 105, 40
18900 40 DO 100 K=1,N

19000 IFCINDEX(K,3)-1) 80, 100, 715

19169 80 IF ¢ ANAX -DABS (A(J,K))) 83, 100, 100
19200 85 IROW=J

19300 ICOLUN =K

19400 ANAX = DABS (A(J,K))

19500 100 CONTINUE

19600 105 CONTINUE

19700 INDEX(ICOLUM,3) = INDEX(ICOLUN,3) +!

19800 INDEX(I,1)=IROW

19900 C

20000 TMUEXUE,2)=TCOLUN

20100 C INTERCHANGE ROWS TO PUT PIVOT ELENENT ON DIAGONAL

20200 C

20300 IF (IKOW-ICOLUM) 140, 310, 140

20400 140 DETERM=-DETERM

20500 DO 201 L=1,N

20600 SWAP(L)=A(IROW,L)

20700 201 CONTINUE

20800 B0 202 L=i,N

20900 ACIROW,L)=A{ICOLUN,L)

21000 202 CONTINUE

21100 DO 200 L=1,N

21200 200 ACICOLUM,L)=SWAF(L)

21300 IF(N) 310, 310, 210

21400 210 DO 251 L=1, N

21500 SWAF (L) =B(IKOW,L)

21600 251 CONTINUE

21700 DO 252 L=1,M

21800 BCIROW,L)=BCICOLUN, L)

21900 252 CONTINUE

22000 00 250 L=1,M

22100 250 BCICOLUM,L)=SWAP(L)

22200 C {
22300 C DIVIDE FIVOT KOW BY FIVOT ELEMENT

22400 C 1
72500 310 FIVOT  =ACICOLUM, [COLUN)

22400 C DETERN=DETERN4PTVOT !
92700 330 ACICOLUM, ICOLUNI=1.0 1
22800 B0 350 L=1,N '
22900 350 ACICOLUM,L)=A(ICOLUN,L) /PIVOT

23000 IF(N) 380, 380, 340

23100 3460 DO 370 L=1,M

23200 370 BCICOLUM,L)=B(ICOLUA,L)/PIVOT
23300 C

23400
23500

REDUCE NON-FIVOT ROUS

oY M
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23600
23700
23800
23900
24000
24100
24200
24300
24400
24500
244600
24700
24800
24900
235000
25100
25200
25300
25400
25500
25600
25700
25800
25900
26000
26100
26200
26300
26400
26500
26600
26700
26800
26900
27000
27100
27200
27300
27400
27300
27600
27700
27800
27%00
28000
28100
28200
28300
28400
28500
28600

[ NN ]

380

400

450

450

500
330

630

706

707

7205
710

720
730

810
715

DO 550 Li=1,N
Lt L =01

IFCILT(LT)-ICOLUN) 400, 550, 400
VT(L1)=A(LY, ICOLUN)
A(L1,ICOLUN)=0,0

DO 450 L=1,N
ACLT,L)=ACLT,L)-ACICOLUN,L)sVT(LY)
IF(K) 550, 550, 440

DO 500 L=1,M
B(L1,L)=B(L1,L)-B(ICOLUN,L)*VT(L1)
CONTINUE

INTERCHANGE COLUMNS

DO 710 I=1,N
L=N+1-1
IF CINDEX(L,1)-INDEX(L,2)} 430, 710, 430
JROW=INDEXC(L, 1)
JCOLUNM=INDEX(L,2)
D0 704 K=1,N
SUAP(K)=A(K, JROW)
CONTINUE
DO 707 K=1,N
ACK, JROW)=ALK, JCOLUN)
CONTINUE
DD 705 K=1,N
ACK,JCOLUM)=SUAP(K)
CONTINUE
CONTINUE
BO 730 K = 1N
IFCINDEX(K,3) -1) 715,720,715
CONTINUE
CONTINUE
ID = 1
RETURN
ID = 2
60 T0 810
END
SUBROUTINE SOLVE(N,NDIN,A,B,IF)
IMPLICIT REAL*8 (A-H,$,0-2)
DIMENSION A(NDIM ,NDIM ),BINDIN ), IF(NDIN )
IF(N.ED.1) GO TO 9
NM1=N-1
DO 7 K=1,NM1
KP1=K+1
H=1P(K)
T=B(N)
B(M)=B(K)
B(K)=T
D0 ? I=KP1,N
B(I)=B{I)+A(T,K)eT




28700
28800
28900
29000
29100
29200
29300
29400
29500
294600
29700
29705
29710
29720
29730
29900
J0000
30100
30200
30300
30305
J0a10
30420
30430
30440
30450
30460
30470
30480
10490
30500
30510
30520
30530
30540
J0550
30560
30570
30580
30584
30585
Josae
Joss?
30590
30400
30700
30800
Jo900
31000
$1100
31200

~o &

402
403
200

DO 8 KB=1,NM1
KN1=N-KB

K=KN1+1
B(K)=B(K)/A(K,K)
T=-B(K)

DO 8 I=1,KN1
B(I)=B(I) +ACI,K)*T
B(1)=B(1)/a(1,1)
RETURN

END

SUBROUTINE XPAPS(NP,VPP,T,TP,XINTER,S16,5Y,VTEHP,NINTER,INDEX)

INFLICIT REAL#*B (A-H,$,0-2)

COMMON /C1/ SE(250),XE(250),YE(250),THE(250)

COMMON /C2/ 5(50),X(50,30),Y(50,50)
COMMON /C3/ NSTAT,NTH,NSND,NTHNOD

DINENSION VPF(NP ,NP ),T(3500),TP(1500),XINTERCNF ,

110,3),SIG(NP ), INDEX(NP ,3),5Y(2)
DINENSION NINTER(NP )
DIMENSION VTENP(NP ,12,10)
WRITE(4,1000) NP

L=0

po 200 I=1,N5H0

po 200 J=1,NTHMD

L=L#1

VPP(L,1)=-8(])
VFP(L,2)=X(1,4)
YPpeL,31=Y1,4
UVFF(L,4)=-5(1+1)
VPP(L,5)=x(1+41,)}
VPP(L,6)=Y(141,0)
VPP(L,7)=-5(1+1)
VFP(L,Bi=X{T1+1,J41)
VPF(L,9)=Y (141, 0+1)
VEF(L,10)=-5(1)
VPP(L, 1 1)=XCT, d¢1)
VFFP(L,12)=Y(1,J+1)
VPP(L,13)=-8E(L)

VPP (L,14)=XE(L)
UPP(L,19)=YE(L)
WRITE(11,402)1,J,L
WRITE(11,403)CVPP(L,IF),IP=1,13)
FORMAT(IIS)

FORMAT(SF10.5)

CONTINUE

D0 1 T=1,nF

L=(I-1)+3

po 1t J=1,3
TR(L+J)=VFP(],124])
CONTINUE

DO 11 1=1,NF
VTEMFCI, 1, 1)=VRFPCL,10) -VRP(1,4)




31300
31400
31500
31600
31700
31800
31900
32000
32100
32200
32210
32220
32230
32240
32245
32250
32240
32300
32400
32500
32600
32700
32800
32900
33000
33100
33200
33300
33400
43500
33400
33700
33800
33900
14000
34100
34200
34300
34400
34500
14600
34700
54800
14900
35000
35100
35200
15300
35400
35500
35600

400
401

345

VTEMP(1,2,1)=VYPP(I,1)-VPP(1,7)

VTENP(I,3,1)=VPP(1,11)-VPP(I,5)

VTENP(I,4,1)=VPP(I,2)-VPP(I,8)

VTENP(I,5,1)=VPP(1,12)-UPP(I,é)

VTENP(I,6,1)=VPP(1,3)-VPP(I,9)

VIENP(1,4,2)= VTENP(1,4,1)4VTENP(I,5,1)-VTENP (1,3, 1)+VIERF(1,4,1)
VTEMP(I,5,2)= VTENP(I,1,1)*VTENP(I,6,1)-VTENF(1,2,1)eVTENF(T,5,1)
VTEMP(I,6,2)= VTENP(I,2,1)#VTENP(I,3,1)-VTENP(1,1,1)4VUTENP(1,4,1)
VTEMP(I,1,10)=DSORT(VTEMP(T,4,2) #*2+VTENF(T,5,2) ¥ 24VTENF(1,6,2) ¢4
12)

WRITE(11,400)1, (VTERP(I,d,1),J=1,8),(VTENP(I,J,2),0:4,6)
WRITE(11,401) VTEKP(I,1,10)

FORMAT(115,/6F10.5,/3F10.5)

FORNAT(1E15.8)

V=UTENP(I,1,10)

TEST=DABS(V)

IF(TEST .LT.1.0E- 8)GOTO 11
UTERNP(I,4,2)=VTENP(I,4,2) /VTENPCT, 1,10}
VTENP(I,5,2)=VTENP(I,5,2)/VTIENP(T,1,10)
VTENP(I,6,2)=YTENP(1,6,2)/VTERP(I,1,10)
VIENP(I,7,2)=.5+¢VTEMP(1,1,10)

63 COMPUTE COVTENP(I,1,10)NEVTENP(I,1,10) FTS. (UTENF(I, 1,711,901
VTENP(T,1,1)=(VPF (I, 1)+VFPCI,4)4VPF(T,7) +VFFLI,10) 015,25
VTEMP(I,2,1)=(UPP(I,2)+VFF(I,5)+VPP(T,B)+VUFF (1, 11))%.05
UTEMP(I,3,1)=(VPP(1,3)+VFF(I,6)+UPF (T, 9)+VFP{T,12) 14,05
VTENP(1,4,1)=YTENP(1,4,7)# (VTENFCT, 1, 1)=VFF (T, 4)) +UTERF (1,5,2) +i

TUTENF(1,2,1)-VFF(I,5))+VTEKP(T,6,2)# (UTENF({,3,1)-UFF(1,61)
VTENP(I,1,3)=VUTENP(I,4,2)sVTEMP(I,4,1)
UTEMP(I,2,3)=VTERP(I,S,2) #YTERF(I,4,1)
VTENP(I,3,3)=VTENP(T,4,2) +UTENPLI, 4,1
VTENP(I,1,1)=VPP(1,4) +VTENP(1,1,3)
VTEMP(I,2,1)=VPP(1,5)+VTENR(1,2,3)
UTEMP(1,3,1)=VPP(1,8)+VTENP(1,3,3)
VTENP(1,4,1)=VPP(1,7)-VTENP(1,1,3)
VTEMP(I,5,1)=VPP(I,8)-YTEMF(1,2,3)
VTENP(I,6,1)=VFP(1,9)-UTENF(1,3,3)
VTENP(I,7,1)=VPP (1, 10)+VTERF(I,1,3)
VIENF(I,B,t)=VFF(I,11)+VTENF((,2,3)
VTENP(I,9,1)=VPP(1,12)+VTENP(T,3,3)
VTEMP(I,10,1)=VPF(I,1)-VTENP(1,1,3)
VTEMF(I,11,1)=UPF(1,2)-VTENP(T,2,3)
VTENF(I,12,1)=VPF(I,3)-VTENP(T,3,3)

64 COMPUTE CENTVTEMP(I,1,10)001D (VIENF(I,1,2) ,VTEMF(T,2,2),VTEN
VIEMP(I,1,3)=VTENF(I,4,1)-VTEKF(I,1,1)
VTEMP(I,2,3)=VTENP(I,10,1)-VTEMF(I,1,1)
VTEMP(1,3,3)=VTEKF(I,5,1)-VTERP(T,2,1)
UTERP(T,4,3)=UTENF(I,11,1)-VIENF(1,2,1) 1
VIENP(1,5,3)=VTENF(T,6,1)-VTENF(T,3,1)
VTEMP(L,6,3)=UTENP(L, 12,1 )-UTENP(T,3,1)
VTEMP(1,1,4)=VTEMF(I,3,3)VTENP (1,8, 30 -VTENF (T, 4,30 4VTihr L5, 50
VTEMF(I,2,4)=VTENE(T,5,3) #VTENP(T,2,3) -VTENF (1, 1, 3 eUTERE (1, 0,3
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45700
35800
35900
36000

36100

36200
36300
36400
36500
36600
36700
34800
34900
37000
37100
37200
37300
37400
37500
37600
37700
37800
37900
18000
18100
38200
38300
JB400
38500
18400
38700
38800
48900
49000
49100
49200
39300
39400
18500
39600
49700
59800
49900
40000
40100
40200
40300
40400
40500
40600
40700

C

348

11

950

999

VTENP(I,3,4)=VTENP(I,1,3)%VTENP(1,4,3)-VIENP(1,2,3)sVTENP(],3,3)
VTEMP(I,7,3)=DSART(VTENP(I,1,4)#2+4VTENP(],2,4)4¢2+VTENP(]1,3,4) 442
1)
VTEMP(I,3,2)=(VTENP(L,4,1)+VTENP(I,12,1)4(VTENP(1,7,3)¢VTENP(1,3,1
1)+(VTEMP(I1,1,10)-VTENP(I,7,3) ) #VTENP(1,9,1))/VIENP(],1,10))/3.
VTENP(I,2,2)=(VTENP(1,5,1)+VTENP(I,11,1)+(VTENP(I,7,3)4VTERF(],2,1
1)+(VTEMP(1,1,10)-VTENP(1,7,3))sVTENP(],8,1))/VTEMP(1,1,10))/3.
VTEMP(I,1,2)=(VTENP(1,4,1)+VTERF(I,10,1)+(VTENP(I,7,3)4VTENP(],1,1
1)+ (VTENP(I,1,10)-VTENP(I,?,3))#VTENP(I,7,1))/VTENP(T,1,10))/3.
CONTINUE
H3 STOVTEMP(I,1,10)E CENTVTENF(L,1,10)01D AND AVTEMP(I,1,10)EA

[0 10 I=1,NP

K=(I-1)%7

TCK+1)=VUTEMP(I,1,2)

T(K+2)=VTEMP(I,2,2)

T(K+3)=VTENF(1,3,2)

H4 STOVTEMFC(L,1,10)E NOVTEMF(L,1,10)MAL VECTOVTEMF(I,1,10)

T(K+4)=VTE¥F(1,4,2)

T(K+5)=VTEMP(I,5,2)

T(K+4)=VTEMF(1,4,2)

T(K+7)=VTENP(1,7,2)

CONTINUE

B0 70 I=1,NF

UTEMF(1,1,5)=(VPP(1,4) +VFF(1,7))40.5

VTEMP(1,2,5)=(VFP(I,5) ¢VPF(1,811%).5

UTEMF(T, 3,5 =(VFF(1,4) +WFF(I,9))40.5

VTEMF (1,1, 6)= COFF (T, 10 WWFFIT,10))40.5

VIEMP (I, 2,6)=(VFFCL,2)4VPF(T,11)1%0.5
VTEMP(1,3,6)=(VFP(L,3)+VFF(1,12))40.5

NINTER(I) = UTENF (T, 1,6) -UTENP (L, 1,5)) 42/ (VTENF (1,7, 2141.5000)
NINTER(I)=MAXO (NINTER(I),1)

NINTER(I)=MINO(NINTER(L),8)

NUME=NINTER(T)

VTEMF(I,1,46)=(VTERP(I,1,4) -VTENF(1,1,5))/NINTER(])

UTEMP(I, 2,60 CVTENF(T,2,6)-VTENP(1,2,5)) /NINTER(])
VTEMF(T,3,0)=(VTENF(I,3,6)-VTEMP([,3,5))/HINTERCT)

10 999 NIX=1,NUNE

ONIX=DFLOATANIX)-0.5000
XINTERCT,NIX, 1)=VUTEMPCL, 1,5 ¢VTERFCD, |, 8)+TINTX
XINTERCI,NIX,2)=VTEMF(T,2,5) tUTENF(T,2,4 ) #DHIX
XINTER(I,NIX,3)=UTEMF (I, 8, 5)+VTENF(1,3,6) *DNIX

CONTINUE

IF(NINTER(I).NE.1) GO TO 998

DO 997 NIx=1,3

XINTER(L,1,NIX) =UTENF(T,NIX,2)

CONTINUE

CONTINUE

WXC=YRP (T, 1) -UPP (T, 4)

CONTINUE

IF{LIN.LT.80) GO T0 80

WRITE (4,7)




t

40800
40900
41000
41100
41200
41300
41400
41500
41600
41700
41800
41900
42000
42100
42200
42300
42400
42500
42600
42700
42710
42720
42730
42740
42750
42760
42770
42780
42790
42800
42810
42820
42830
42840
42850
42860
42870
42880
42890
42900
42910
42920
42930
42940
42950
42940
42970
42980
42990
43000
43010

C 80

55
4

6
7
8

24

28
1000
1001

ro

L B & I ¥

WRITE (6,8)
LIN=0

LINSLIN+L

B0 55 I=1,NP

N=(I-1)s7+1

WRITE (4,6) TOM),T(He1), T(M42) ,T(N+3), T(N+4), T(N45), T (M44)
CONTINUE

NQE=NP

NO7=NQE*7?

WRITE(6,28) NP

FORKAT (10D12.5)

FORMAT(38H1 INPUT DATA TO FOTENTIAL FLOW FROGRAM)

FORMAT(4HO  ,2HXP, 10X, 2HYP, 10X, 2HZF, 10X, 2HXN, 10X, 2HYN, 10, JHZN

1,10X, 2HAQ)
FORMAT (1H ,I1,19H FLANES OF SYMMETRY)
FORMAT (33HOTOTAL NUMBER OF QUADRILATE =  ,19)

FORMAT(1015)
FORMAT(16FS.1)

RETURN

END

SUBROUTINE DECOMP(N,NDIN,A,IP)

IMPLICIT REAL*B (A-H,3,0-1) .
DIKENSION A(NDIN,NDIN),IP(NDIN)

IF (M) =t

D0 & K=1,N

IF(K.EQ.N) GO 70 5

KFE1=K+1

H=K

DO 1 I=KF1,N

IFCBABS(ACT,K)).BT.DABSCALH,K))) H=]

CONTINUE

IF(K) =N

IF(H.NELK) TR =-TF(N)

T=A(K,K)

ALK, K =A (K, K)

ACK,K)=T

IF(T.ED.0.) 60 TO 3

DO 2 I=KP1,N

AT, K)=-ALT, K /T t
DO 4 J=KP1,N
T=A(N,))

ANy ) =AMK, ) ;
ALK, J)=T }
IF(T.EQ.0.) 6O TO 4
DO 3 I=KF1,N 1
AT, D =ALT,J)+ALT,R)#T
CONTINUE
IFCACK,K)LEDL0.) TP(N)=0
CONTINUE

RETURN

END
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100

110

120

130

149

150

160

163

170

1010
1039
1049
1050
1060
1070
1030
FO%0
1100
1110
1120
1110
1140
1145
1180
1190
1200
1204
1210
1220
1236
1 24%
1240
CU50
1260
1279
1280
1290
1300
1310
1320
1339
1331
RN
1335
1338

ﬁu,-,.-qm.?xr‘AU

FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE

$RESET FREE

C
C
L

S(KIND=REMOTE ,MAXRECSI1ZE=22)

6(KIND=PRINTER ,MAXRECSIZE=132)

2(TITLE="TBLIPCOPT" ,KIND=DISK,PROTECTION=SAVE ,NAXRECSIZE=22)
8(TITLE="TBL3DOPT" ,KIND=DISK,FILETYPE=7)

9(KIND=RENOTE ,MAXRECSI2E=22)

10CTITLE="TBLIDINP" ,KIND=DISK,FILETYPE=7)

T1(TITLE="TBLSAVE" KIND=DISK,PROTECTION=SAVE ,MAXRECSIZE=22)
12(TITLE="THREEDFHI" ,KIND=DISK,FILETYFE=7)

PROGRAM TBLIPC

PROGRAM COMPUTES DERIVATIVES OF VELOCITIES ALONG THE URTHOGUNAL
COORDINATES.

DIMENSION TITLEC12),TITL(3)

DIMENSION X(3,120),v{3,120),TH(3,120) ,UF(3 120),UT¢3,12M),5(3,122)
DIMENSION XKP(3,120),XKT(3,120) ,H(3,120) ,F(3,1.202,6(3,120
DIMENSION JJ(3),55(3)

COMMON/SPLIN/SF(30,480),SFHI(30,60) ,5FHF(30,60),5FHIF(30,69),
$ DTP(30,60)
COMMON/VELOC/UP,UT,5, TH
READ (8,401) (TITLECS),J=1,1
URITECS,401) (TITLECJ),J=1,1
WRITE(?,401) (TITLE(D ,d=1,1
WRITE(9,401) (TITLECD) ,J=1,1
READ (8,402 ) N,KPK,BL
WRITE(4,402 ) N HFK,BL
WRITE(?,402 ) N,EF¥,HBL
WRITE(Y,402 H,KIPK, B

READ (8,409 START,SFINS,NSTAT,NTH
WRITE(6,405) START,SFINS,NSTAT.NTH
WRITE(/,405) START,SFINS, NSTAT NIH
WRITE(9,405) START,SFINS, HSTAT,NTH
FIOT=1.5707968267%

EN=NTH-1

MTH=NTH-1

OT=FIOT/EN*(-1.,0)

BTI=1.0/07

WRITE(Y,408)NTH, IT,DT1

DTF=0.5¢0T1

J=1

=2

L=3

WRITE(7,404) 3
WRITE(9,407)

KEAD (5,404) N3
IF(NG.EW.0) GO TO 300

)
)
)
)
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1340
1350
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1479
14890
1490
1500
1510
152¢
1530
1540
1950
1569
1570
1580
1590
1600
16140
1620
1630
1640
165V
1664
1670
1680
1690
1700
P10
1700
175G
1740
59
1760
177
1780
1790

300

3ot

302

READ (12,403)NS,NT
URITE(4,403)NS,NT

CALL SFOTEN(NS,NT,OTH,NTH)

TEST=SP(1,1)

CONT INUE

DO 205 I=1,2

CONT INUE

READ (8,427) JJ(I),88(I)

WRITE(6.,427) JJ(I),56(I)

0200 IT=1,HTH

READ (B,408) NIUM,ACI,L1T),Y(L,IT),TH(I, 1) U,V
WRITE(6,408) NDUA,X(T,1T),Y(I,IT),TH(1,1T),U,Y

READ (8,408) NDUM,W,UF (I, IT),UTCI,LT),UN,S(I,1T)
WRITE(6,408) NDUA,W,UFCI,IT),UTCI,LT), UN,S¢CL,1T)

REAL (8,408) NOUN XKP (L, IT) XKTCI, IT 0 RCL, LT0 o F Do it ol D00
WKITE(6,408) NDUM,XKFCI,IT) XKTCT,ET)  H(T, 110 FC1,0T),501,17
CONTINUE

NSTAT=NSTAT-1

IF(TEST.GE.SS(1)) GOTO 301

NSTAT=NSTAT+1
CONTINUE

IF(NS.EQ.0) GO T0 303
CALL EVALVO(NS,DTH,NTH, )
CALL EVALVO(NS,DTH,NTH,2)
CONTINUE

HI=1.0/H(2,1)
DT16=DT1/6¢(1,1)

BUFDLP= (UF(2,1)-UP(1,1))/(5(2,1)-5¢1,1))
(UPDLP=HI*DUPDLP
DUPDLT=0TIG*( UECT,2)~UP (T, 1))
BUTOLP=CUT(2,1)-UTC1,12)/(5(2,1)-5¢1,1)
DUTOLF=HI+DUTILF

DUTOLT=0TIGH(UT (1, 2)-UT(1,1))

WRITE(7,427) JJ(1),585(1)

WRITE(6,400) S(1,1)

WRITECH,408) 1, X1, YU, 1) THOL, D) UG, 1) U 1)
WRITE(7,408) 1,X01, 10,701, 1), TH(1, 1), UF T, 1), UTC1, 1)
WRITE(6,408) 2,5(1,1) ,DUFDLF, DUFDLT, DUTULF  DUTELT
WKITE(7,408) 2,51, 1), DUFDLF, DUFDLT , DU 1 OLF, DUT LT
WRLTECH,408) 3,XKPC1, 1), AKTCT, 1) HOT 1), F (1, 1),6(1,1)
WRITE(?,408) 3,XKPC1, 1) XKT(1, 10 HOT, 10, F (1,10 ,Get, 10
DO 201 [T=2,MTH

B5=1.0/(5¢2,1T)-5¢1,1T))

DS=DS/H(2,1T)

DUFDLP=DS* (UP(2,1T)-UF¢1,11))
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1800
1810
1820
1830
1840
1850
1840
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1920
1980
1990
2000
2010
2020
2030
20490
2050
2060
2020
2080
2094
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240

201

203

303

DUTBLP=DS#(UT(2,1T)-UT(1,1IT))

DTFB2DTF/G(1,IT)

DUPDLT=DTFG#(UP(1,IT+1)-UP(1,IT-1))
DUTDLT=DTFGs(UT (1, IT+1)-UT(1,1T-1))

WRITE(6,408) 1,X(1,1T), YO, IT), THOT,IT),UP(1,1T),UT(1,1T1)
WRITE(7,408) 1,XC1, D7), Y (1, IT), THCE, LT), UPCH, IT) ,UT(1,11)
WRITE(6,408) 2,5(1,11),BUPDLF,DUPDLT,DUTDLP,DUTOLT
WRITE(7,408) 2,5¢(1,1T),DUPDLF ,DUPOLT,DUTDLE,BUTOLT
URITE(6,408) 4, XKP(1,IT) ,XKTC1,IT),HO1,IT) FQ1,1T),6¢1,11)
URITE(7,408) 3, XKP(1,IT),XKTC1,IT),HC(1, 100, F(1,11),6(1,LT)
CONTINUE

DS=1.0/(S(2,NTH)-5¢1,NTH))

US=DS/H(2,NTH)

DUPLILP=DS (UP (2, NTH) -UF (1 NTH)

BUTBLF=DS#(UT(2,NTH) =UT(1,NTH))

DTIG=UTL/G(1 ,NTH)

BUPDLT =01 164 CUPCT  NTHI-UF (1, MTH))
DUTDLT=DTI64(UT (1 NTH) -UT (1, HTH))

WKITE(6,408) 1, X1, NTH), YT, NTH) , THOT,NTH) JUF (1 NTH) L UT (T, KTH)
WRITE(7,408) 1,X(1,NTH), Y (1 NTH) , THOINTH) JUF (1 NTH),UT (1 ,NTH)
WRITE(6,408) 2,5(1,NTH) ,DUPDBLE,DUFDLT, DUTDLP ,DUTULT
WRITE(7,408) 2,5(1,NTH) ,DUPULP ,OUFDLT,BUTDLE, GUTOLT
WRITE(6,408) 3,XKPC1,NTH) ,XKTC1,NTH) (O NTH) F (1, NTH) ,GC1,NTH)
WRITEL7,408) 3, XKFL1 NTHY XKTCT,NTHY L HCE (NTH) JF (1 NTHY LG NTH)

QUTFUT FOR FLRST PHI-STATION 15 COMPLEIED.

Bo 202 15=3,nSTAT

WKITEC, 420 JJ(R) ,5S(K)

READ (8,427) JJ(L),58(L)

WRITE(6,427) JJ(L1,85(L)

DO 203 IT=1,NTH

READ (8,408) NDUM, XL, IT), Y <, 1T), THCL, IT) U,V
REAL (8,408) NDUM W, UF (L, IT) UT(L,TIT),UN,5iL,IT)
READ (8,408) NDUM, XKP(L,IT),XKTCL,IT) ML, IT),F(L,IT),G(,1T)
CONTINUE

IF (NS.EQ.0) GD TO 303

CALL EVALVO(NS,DTH,NTH,L)

CONTINUE

DTIG=OTI/G(K,1)

B5=1.0/(5(L,1)-5¢4,1))

BS=BS/HIK, 1)

DUPOLP=DS* (U (L, 1)-UF{J, 1))
DUTOLE=DS#CUTIL, 1) -UT(d, 1))
DUPDLT=DTIG*(UF(K,2)-UF (K, 1))

i,




2250 DUTDLT=DTIG*(UT(K (2)-UT(K,1))

2260 WKITE(4,400) S(K,1)

2270 WRITE(?,408) 1,X(K,1),Y(K,1),TH(K,1),UP(K,1),UT(K,1)

2280 URITE(4,408) 2,5(K,1) ,BUFDLP, DUPDLT , DUTDLP , BUTDLT
2290 URITE(7,408) 2,5(K,1) ,DUPDLP, DUPDLT , DUTOLP , DUTDLT
2300 MRITE(7,408) 3,XKP(K,1),XKT(K,1) H(K,1),F{K,1),6(K,1)

2310 DO 204 IT=2,MTH

2320 DS=1.0/(S(L,IT)-5(J,1T))

2330 DS=DS/HIK,IT)

2340 DTFG=UTF/G(K,IT)

2350 BUFDLP=DS*(UF(L,IT)-UP(J,IT))

2360 DUTDLP=DS*(UT(L,IT)-UTCJ,IT))

2370 DUPDLT=DTFG# (UP(K,IT+1)-UP(K,IT-1))

2380 DUTDLT=DTFG*(UT(K,IT+1)-UT(K,IT-1))

2390 URITE(?,408) 1,X(K,IT),Y(K,IT),TH(K, I T),UPCK,IT) UT(K, IT)
2400 WRITE(?,408) 2,5(K,IT),BUFDLF,DUPOLT, BUTBLP, DUTDLT

2410 URITE(7,408) 3,XKPCK,IT) XKTCK, IT), HOK, 1T),F(K IT), 6K, 1T)
2420 204 CONTINUE

2430 DS=1.0/(5(L,NTH)-S(J,NTH))

2440 DS=DS/H(K,NTH)

2450 DTIG=UTI/GLK NTH)

2460 DUFDLF=DS*(UF (L,NTH)~UF{J NTH) )

2470 DUTDLP=DS#+CUTC(L NTH) -UT(J,NTH) )

2480 DUPDLT=DTIG6% (UF(K,NTH)-UP (K, HTH))

2490 DUTOLT=DTIG*(UT(K,NTH)-UT (K HTH))

2500 WRITE(7,408) 1,X(K,NTH),Y(K,NTH), TH(K,NTH) ,UP (K, NTH) ,UT (K, NTH)
2510 WRITE(?,408) 2,S(K,NTH),DUPTLP,BUPDLT, DUTDLP, BUTDLT

2520 UKITE(7,408) 3,XKP(K,NTH) ,XKTCK, NTH) JH(K, NTH) F (K, NTH) ,G(K  NTH)
2530

2540 C COMFLETED OUTPUT FOR K-TH PHI-STATION.

r
wn
wn
<

2560 #=J i
2570 J=K X
2380 K=L

2590 202 L=o

2600

2510 CC DATA COMPLETED FOR ALL BUT LAST PHI-STATION.

2620

2630 500 CONTINUE

2640 400 FORMAT(SX,28H W.L. STATION COORDINATE IS W1F7.4)

2642 401 FORMAT(12A6)

2644 402 FORMAT(2I10,1F10.3)

2646 403 FORMAT(2I5)

2647 404 FORMATCIIH)

2648 405 FORMAT(Z2F10.5,2110)

2650 406 FORMAT(SSH IF THREE DIMENSIONAL FOTENTIAL 15 FROM MING S FROGRANM )
2652 407 FORMAT(33R ENTER 1 SLENDER BODY ENTER O )

2690 408 FORMAT(113,5E15.7)

2700 427 FORMAT(113,1F9.6)

2710 470 FORNAT(3A10)

2750 END
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22720 SUBROUTINE EVALVO(NS,DTH,NTH,I1S)

2780 |
2790 C  COMPUTES UP AND UT FROM SPLINE DATA i
2800 € SP S COORDINATES AT WHICH SPHI 1S GIVEN :
2810 C SPHI SPLINE POTENTIAL
2820 C SPHP DERIVATIVE OF SPHI IN § DIRECTION
2830 C SPHPF SECOND DERIVATIVE OR MOMENT OF SPHI |
2840 C pre SPACING INCREMENTS IN S ]
2850
2860 COMMON/5°LIN/SP(30,40) ,SPHI(30,40) ,SPHP(30,40) ,SPHPP (30,40),
2870 $ DTP(30,6u.
2880
2890 C up VELOCITY IN PHI DIRECTION ;
2900 C uT VELOCITY IN THATA DIRECTION ;
2910 C ] S COORDINATE AT WHICH VELOLITIES ARE EVALUATED :
2920 C TH THATA COORDINATE i |
2930 v
2949 COMMON/VELOC/UP,UT,5, TH !
2950 DIMENSION UP(3,120),UT(3,120),5(8,120) ,TH(3,120) i
29460 ;3
2970 :
2980 C 5FS INTERFULATION FUINTS FOR LUNGITUDINAL SFLINE .
2990 € FH FOTENTIAL AT 5FS f
3000 € F HOMENTS |
3010 C 1] 5 INCREMENTS .
1020 € 1 INTERPULATION FUINTS THATA DIRECTION s
3030 C SPHIS FOTENTIAL AT T i
X 3040 C FHP IERIVATIVE OF THE POTENTIAL {
by 3050 C BELTA INCREMENTS IN T
! 3060 C MY MOMENTS ‘
: 3070 i
3 3080 DIMENSION SFS(120),FHC120) ,FM(120),0T(1207,T¢120),5FHIS(120) 1
i 3090 $,PHP(120) ,DELTAC120),MY(120) .
3 3100 REAL MY .
» 3110 P1=3.1415942 ;
3120 TOL=1.0E-06 :
5130 MTH=2%NTH o
3140 1
3150 € COMPUTE UP i
3160 © A
$170 DO 200 J=1,NTH P
3180 SL=5(18,J) ; y
3190 T(H=TH{I5,d) v
1200 L=Mlife1-J L
AN T=rRL-T¢J)
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g

3220
3230
3240
3250
3260
3270
3280
3290
3300
330 €
3320
3330
RREL
3330
3360
3370
3380
3390
3400
4410
3420
J430
3440
5450

201

200

D0201 1=1,NS
SPS(1)=5P(1,J)

PH(I)=SPHI(I, )

FHCT)=SPHPP{T, )

DTAD=DTP(1, )

CALL SPLEVN(SL,SPHIS(J),UP(1S,J),NS,TOL,SPS,PH,FN,DT)
SPHIS (L)=SPHIS(J)

CONTINUE

COMPUTE UT

202

203

204

CALL PLINE(MTH,TOL,T,SPHIS,FN,DELTA)

DO 202 J=1,MTH

CALL SPLEWN(T(.J),DUM,PHP(J),NTH,TOL,T,SPHIS,FN,BELTA)
CONTINUE

CALL PLINE (MTH,TOL,T,PHP,FM,DELTA)

DO 203 J=1,HTH

CALL SPLEVN(T(J),DUN,NY(J) ,HTH, TOL,T,PHP ,FK,BELTA)
CONTINUE

00 204 J=1,NTH

CALL SPLEVN(T(J),DUN,UT(IS, ), NTH,TOL,T,PH,NY, DELTA)
CONTINUE

RETURN

END

120
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3470
3480
JA90
3500
3510
3520
3530
3540
3550
3560
3570
3580
1590
3600
5610
3620
3630
3649
3450
3660
3670
5680
35490
3700
W10
729
3730
340
3750
3760
3770
y/ g0
3790
5890
3810
820
3850
3840
3450
3860
3870
3830
18990
3900
3910

Lo B o B o B o] [ar B o B o BN o B o o]

COOO0OOOO

L

SUBROUTINE §

SUBROUTINE USES
sp
SPHI
SPHP
SPHPP
bTpP

COMMON/SPLIN/
$ DTP(30,60)

0 =< > -4

H1
DINENSION T(3

TL
PH
i
b1
S

PH
ny

DIMENSION TIL(
DIMENSION FHP
REAL nY

READ INFUT AND

READ 112,400)
$,121,N5)
WRITE(4,400)
$,121,NS)
PI=3.1415926
TOL=1.0E-06
1.BC=3

N1=24NT
TH{1)=0.0

DO 200 1=1,NS
DO 200 J=1,NT
SP(1,J)=-SF(1

POTEN(NS ,NT,ITH, NTH)

SPLINE ON SPLINE INTERPOLATION TO FIT POTENTIAL
S COORDINATES AT WHICH SPHI IS GIVEN
SPLINE POTENTIAL
DERIVATIVE OF SFHI IN S DIRECTION
SECOND DERIVATIVE OR MNOMENT OF SPHI
SPACING INCREMENTS IN S

SP(30,60),5FHI(30,60),5PHF (30,50 ,SFHPF (30,80),
AKCTANCX/ 1)
A CUORDINATE
Y COORUINATE
POTENTIALL FROM MING"S FROGRAM
0.30),X(30,30),7(30,307,FH1(30,30)
SPLINE INTERFULAVION COORDINATES
SPECIFIED FUNCTION VALUES FOR SPLINE FIT
HOMENTS
SPAL ING
LONGITUD AL POINTS AT WHICW POTENTIAL 15 SFELIFLCO
THATA COORDINATES AT WHICH SFHI 1S5 SFECIFIED
NOHENTS
60) JPHIA0 ), FMIaU I 01LAU) 31801 Y L60)
160),TH(&0)
CONVERT TOQ FRUGRANS COORDINATE SYS1EM
COSFCT, ), X(L, D WY ULL, ), 0, DU, UM, FIHLCL, ), =1 N D)

((SPCI, 0, X01,0),Y¢1,0),0,BU,DUN,FHI(Y, )}, 0=1,0T)

.J)

121

- e e ————— -
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3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
42490
4250
4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4390

PHI(I,J)=-PHI(I,J)
200 T(1,J)=ATAN2(X(1,J),Y(1,J))

BEGIN SPLINE ON SPLINE FIT OF POTENTIAL IN TRANSVERSE FPLANES.

DO 201 IS=1,NS

DO 202 J=1,NT

L=NT+1-)

TLA=TCIS, D)

PH(J)=PHI (I5,J)

TL(L=PI-TL(Y)
202 PH(L)=PH(J)

CALL PLINE(MT,TOL,TL,PH,FH,DT)

DO 203 J=1,MT

CALL SPLEVN(TL(J),DUNMY,PHP{J) ,HT,TOL,TL ,PH,FH,DT)
203 CONTINUE

CALL PLINE(NT,TOL,TL,PHP ,FN,DT)

DO 204 J=1,NT

CALL SPLEVYN(TL(J),BUMMY,MY(J),NT,TOL,TL,PHF,FH,DT)
204 CONTINUE

DO 201 J=1,NTH

CALL SPLEUN(TH(J) ,SPHI(IS,J),DUNNY,NT,TOL,TI.,PH,NY,DT)
201 CONTINUE

BEGIN LONGITUDINAL SFLINE FIT

DO 206 J=1,NTH

DO 207 I=1,NS

§(1)=5F(1,J)

PH(1)=SPHI(I, J)
207 CONTINUE

CALL SPLINE(NS,TOL,S,FH,FH,DT)

DO 208 I=1,NS

CALL SPLEVN(S(I),DUNMY,PHF (1) ,NS,TOL,S,PH,FM,0T)
208 CONTINUE

CALL SFLINE(NS,TOL,S.FHP,FN,DT)

DO 209 I=1,NS

CALL SPLEYN(S(I),DUN,MY(1),NS,TOL,S,PHP,FN,DT)
209 CONTINUE

DO 206 I=1,NS

CALL SPLEUN(S(I),SPHI(I,J),DUN,NS,TOL,S,PH,NY,0T)

SPHP(I,J)=DUN

SPHPP(1,J)=KY(1)

DTP(I,.)=DT(I)
206 CONTINUE

RETURN

400 FORNAT(8D010.4)

END
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4410
4420
4430
4440
4450
4440
4470
4480
4490
4500
4510
4520
4530
4540
4550
4560
4570
4580
4590
4600
4610
4620
4630
3640
4450
4660
4670
3680
4690
4700
1710
4720
41"30
4740
4750
4740
4770
4780
4790
4800
4810
4820
4830
4840
4850

[ B w2 o B o T o B v B o B o B oo BN o B oo B w0

200

300

3o

302

SUBROUTINE SPLINE(N,TOL,X,Y,N,H)
NONPERIODIC SPLINE FIT USING THE MOMENTS N(J) TO SPECIFY THE SFLIN
N NUNBER OF INTERPOLATION POINTS
TOL TOLERANCE ON SOLUTION
X HESH POINTS A=X(1).LT.X(2).LT. ... .LT.X(N)=B
Y ORDINATES Y(1)=F(X(1)),ETC.
H INTERVAL LENGTHS H(J)=X(J)-X(J-1)
LEC CONTROL NUMBER TO PICK END CONDITIONS  LBC=
1 FIRST DERIVATIVE OF F AT X(1) AND AT X(N+1) IS GIVEN
2 NC1)=YOP, H(N)=YNF
3 N1 =H(2) ,MN-1)=N(N)
YOP DERIVATIVE AT X(1) OR VALUE OF M(1)
YNP DERIVATIVE AT X(N) DR VALUE OF M(N)
COMNON/ENDCOD/LBE , YOF , YNF
DINENSION X(N),Y(N) M(N) HiN}
DINENSION L(99),MU(99),0(99)
DINENSION F(99),G(99),U(99)
DIMENSION DUMMYB(99),DC(99),1C{99)
DIMENSION R(99),0T(99),UF(99),UNLFY)
REAL H,L.AU
NHO=N- |
B 210 I=2,8
MO XD -XCI-1)
CONT INUE
5O 200 1=2,Hi10
LD =H(I4+1) /<HCD +HEL+1))
HUCT)=1,0-L(1)
DO =604 (D ZHCI+ DRI+ =Y (DD ZHCL 1) = (Y (D =Y (T=1)) /HCD) )
CONTINUE
HiNJ=X(N)=X(N-1)
IF(LBC-2) 300,301,302
L{1)=1.0
B =6.0/H{ZI#(CY(2)-Y (1)) /H(2)-YOP)
HU(N)=1.0
DENI=6.0/H(N)ECYNP- (Y (N =Y (N-1)) /H(N))
GOTO 303
L(1)=0.0
B(1)=2.0%Y0P
MU(N)=0.0
D{N)=2.0FYNF
G0T0303
Li1)=-2.0
041)=0.0
MUIN)=-2.0
0iN)=0.0




4860 303 B=2,0
4870 P(1)=B
4880 Qe =-L1I/PD)
4890 Y1) =B(1)/P(1)
4900 LIN)=0.0
4910 R(1)=0.0 i
4920 DT (1) =0 /7PE)
4930 B0 201 I=2,N
4940 LT =NMUCT $GET-1)+B
4950 QI =-L(D/PLD
4940 RUD =MU(T)/PLT)
4970 201 DT(D=D(I)/FLT) k
4980 Ur =
4990 UN(1)=0.0
5000 B0 205 I=1,N
5010 UP (D =0T (D #ROT)#UN(T-1)
5020 UN(T) =R{T)*UPCT-1)
5030 205 UB(I)=UP(I)-UNCD)
5040 MON)=U(N)
5050 po 202 1=2,N
5060 KzN+1-1
5070 202 MCK)=Q(K) EM(K+1)+UK)
%080 DUMMYB(1)=B
5090 BCC1)= 2.08MC1)+L(1)+N(2)
5100 TC(1)=D(1)~DL(1)
5110 DUNMYB(N) =8
5120 OC(N) =2, 040 (N) MU {N) *M{N-1)
5130 TC(N =0 (N)=DBC(N)
5140 D0 207 1=2,NMO
5150 DUNMYB(1)=B
5140 BCAT) =2, 0N (1) +MUCTI#M(I-1)+L (T #MCT+1)
5170 207 TC(D)=p(1)-DC(I)
5180 K=1
5190 TLaDC1 -2, 0% 1) -L (1) #N(2)
5200 TL=ABS(TL)
5210 IF(TL.GE.TOL) G6TO SO1
522 K=N
5230 TL=D(N) -2, 0¢M{N) -HU(N)*H(N=-1)
5240 TL=ABS(TL)
5250 IF(TL.GE.TOL) GDTD SO0
; 5260 b0 203 1=2,NH0
| 5270 K=1
! 5280 T=D(1)-2 . 0eM(T)-MUCT)eM(T-T)-LCD)#HCT+T)
% 5290 T=ABS(T)
Y, 5300 TL=T




5310 1F(T.GE.TOL) 60TO 501
5320 203 CONTINUE

5330 500 RETURN

5340 501 WKITE(6,400)K,TL,TOL 1
5345 WRITE(9,400)K,TL,TOL

5350 HU(1)=-999999.9

5340 L (N)=-999999.9

5370 WRITE(6,401) ( NUCT), DUMNYB (D), L (D), MCD),0(1),BCCD),TCLLY,

5380 1IN

5390 RETURN

5400 400 FORMAT(1S,2E15.4)

S410 401 FOKRAT(7E15.8)

5420 END
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5440
34350
5460
5470
5480
5490
5500
3910
9520
3530
5540
3350
9560
3570
9380
5590
5600
5610
5620
9630
5640
5650
5660
5670
5680
54690
5700
5710
5720
5730
5740
5750
5760
5770
5780
4790
5800
5810
5820
5830
2840
3830
5860
5870
5880

OO0

2014

205

SUBROUTINE PLINE(N,TOL,X,Y,M,H)
PERIODIC SPLINE FIT USING THE MONENTS M(J) TO SPECIFY THE SPLINE

N NUNBER OF INTERPOLATION
TOL TOLERANCE ON SOLUTION

X MESH POINTS A=X(1)LT.X{(2).LT...o LT . X(N)=H

Y ORDINATES Y{(J)=F{(X(J))
N MOMENTS N(J)=F""(X(J))

H INTERVAL LENGTHS H(J))=X(J)-X(J-1)

POINTS

DIMENSION X(N),Y(N),H(N),H(N)
DIMENSION L(99),MU(%9),D(99)

DIMENSION P(99),B(99),U(99),58(99),T(99),V(99)

DIMENSICN DC¢99),TC(99)
REAL H,L,MU
TY=ABS (Y(1)-Y(N))

IF(TY,GE.TOL) VURITE(6,403) Y(1),Y(N)

NKO=N-1

D0 210 I=2,M
HCT)=X(I)-X(1-1)

CONTINUE

HIN+1)=H(2)

Y(N+1)=Y(2)

DO 200 1=2,N

LD =HCI+1) ZCHCD +HOT+1))
AUCl=1.0-Lt 1)

DCIN=6.04L 1) /HCI# . C(YCI+ 1))=Y (1)) /HOIH D) (Y (L) =Y CT-1)) /HD )

CONTINUE

8=2.0

Pc2)=8

A2)=-L(2)/P(2)
U(2)=D(2)/FP(2)
S(2)=-MU(2)/P(2)

D0 201 I=3,N
F(D)=MU(T)*Q(1-1)+B
QhH=-L{/PCD)
S(1)=-RUCT)H*S(I-1)/P(1)

UCD=(D(T) -BUCT) sUCT -1 ) /P LT

T(N)=1.0

VIN)=0.0

DO 205 I=2,NMO
K=N+1-{
T(K)=Q(K)&T(K+1)+S(K)
VK)=BC(K)*V(K+1 ) +U(K)
CONTINUE

C=LIN)*T(2)+MU(N) e T(N-1)+b

BVU=L(N)ISVU(2) +MU(N) SV(N-1)

126




5 i AT . Tt kP A RS e

5890
. 5900
5910
9920
5930
5940
5950
59690
9970
5980
5990
6000
&019
6020
0030
6049
60390
6060
6070
6080
60990
6100
6110

202

203
501
400

A0
403

M(N)=(D(N)-DV) /C

D0 202 1=2,NNMO

K=N+1-1

MK =T(K) #M{N)+V(K)

H(1)=M(N)

MIN+1)=NH(2)

00 206 I=2,N

DCCI) =2  O%MCI)+AUCT)*N (I -1)+L (T )T+ 1)
TC(Iy=D(H-bCcDy

30 203 [=2,.N

K={

L=1C01)

TL=AKS (IL)

IFCTL.GREL 0L GOTO S04

CONTINUE

RETURN

WRITE(4,400)K,TL, TOL

WRITE(4,401) (M(D),D(DH,BCCDH,TC(I) , 122,N)
RETURN

FOKMAT(IS,2E15.4)

FORMAT (4E15.8)

FORKATC40H2Y (1) [5 NOT EUUAL Y(N), NUT PERIOOIC
END

,2815.8)




6120 SUBROUTINE SPLEVN(XE,YE,YP,N,TOL,X,Y,M,H)

6130 C EVALUATES A SPLINE INTERPOLATION AT XE WUHEN THE MOMENTS M(J) AKE
6140 C GIVEN AT X(J).

6150 C YE IS THE VALUE OF THE SPLINE AT XE

4160 C H{J) INTERVAL LENGTHS

4170 C N NUMBER OF MESH POINTS

6180 C Y{J) INTERPOLATION VALUES AT INTERPOLATION FOINTS X(J) KESP.
6190 DIMENSION X(N),Y(N) M(N),H(N)

4200 REAL M

6210 J=1

4220 300 J=J+1

6230 IF ¢S .GT.N) GOTO 501

6240 IF(XE.GT.X(J))G0 TO 300

6250 YES(MOJ-1)#((XCI)=XE) %% T ) +H{ D) (XE-X{S-1))%63)) /6.0

6260 YEYE+(Y(J=1)-N(J-1)*HCJ)#H(J) /6. 0) % (X -XE)H (VL) -H{ Sy eH( S5 ¢
6270 1 HOJY/6.0)%(XE-X(J=1))

6280 YE=YE/H(J)

6290 YP=(-HCJ-1)%(XCJ)-XE)$ (X (J)=XEV+M (J)# (XE-XCJ-1) ) (XE-X(J-1)})%0.5
6300 YP(YP+Y(J)-Y(J-1))/H())

6310 YP=YP-(N(J)-N (J-1))%H(J)/6.0

6320 RETURN

6330 501 URITE(4,400) XE,X(N)

6340 RETURN

6350 400 FORNAT(4H XE,1E10.4,13H ,EXCEEDS OX s 1£10,.4)

6360 END




HFILE (CHXL)>TBLSOL ON DTNSROC

100
110
120
130
140
150
160
170
180
190
200
210
120
230
4%
250
260
270
280
290
590
51¢)
520
230
340
350
100
LY
RO
i
400
1190
420
430
4490
450
69
[Fgy
480
139
500
RN,
520
530

.
IRY.

FILE
FILE
FILE
FILE
FILE
FILE
FILE

SCKIND=REMOTE ,MAXRECSIZ2E=22)

S(KIND=FRINTER MAXRECSIZE=13.)
ZCTITLE="TBLSOLUFT" (K iNU=DISK , FROTELTION=5AVE HAXRECSIZE=22)
8(TITLE="TBLIPCOFT" KIND=DISK,FILETYFE=7)
9(KIND=REMOTE,MAXRECS5IZE=22

TOCTITLE="HINGIDOPT" KING=018K,FILETYRE=T

11 (TITLE="THHBETA" ,KIND=DISK,FILETYPE=7

$RESET FREE

C

~

L

C
C
C

PROGRAM TBLSOL

PRUGRAM TO SOLVE PARTIAL DIFFERENTIAL EQUATIONS . USES THE 0 BRIEN
$ HYMAN,AND KAPLAN INFLICIT FORMULATIUn

[HE RESULTING 2i3TEM OF LINEAR EQUATIONS ARE S50ILWED USING A
$ DIRECT GAUSSIAN REDUCTION APFLIEL TO THE SFakSE COLFFILIENT mATRI
COMMON/ INT/NTH,NTH.NS,DELTAT

COMMON/VAR/ XV

COMMON/CDOD/0DL I, 00K, CR

COMMON/COEFIPL/FC

COMMON/DATAIN/ THOUF,UT, S URLF Ui JUPLT Ui
COMMON/DEGIN/KF KT vnar 0 B

Camnin, J0ns JO, U

COMMOMN/ TOLERN/TOL

REAL KF,LRT

DIMENSIUN TL1TLEQIZ), TITL(S)

DIMENSION X1z, 1000, 1(2.199), i Gy 15900 4T 2, 1500

DIMENSION TH(2,150)

DIMENSTIUN FU- 2.3

DrmENGTON S0 )0, 8)

HTMENGTUN Lo 180 JUFLF s o e vy Uk o v b v
DIMENSION tF c2 180 L0 b o e ot D ey ROl i J6p 2, 1%0)
DIMENSION DC150.3,3),000L0190,3,3) 00K 100,3,3) ,CRO150, 4)
PATACIFCCT, 0 J=1,4),]=1,2)
$-0.000701,0.028345,-0.3846768,0.019521,
$ -0.001953,0.062588,-0.83480,0.191%11

WRITE(Y, 411 ((FCtI, B, 0=1,43, 1=,

WRITE(9,412)

WRITEC7.413)

WRITE .41 4)

REAL(S.415) N5 g
WRITE(%,415) NS 5
WRITE(Y,416) 5

WRITE(9.417)

REZAD (5,415) Nl
WKITE(9.419) ]
WhiTL{6.410) NS,NI
UATA TUL/O00E-0Y/




550 WRITE(9,409) TOL !
560 C INFUT PRELIMINARY DATA FROM TAPE !
570 READ (8,401) (TITLE(J),J=1,12) !
E 580 WRITE(6,401) (TITLE(J),J=1,12)
{ 590 WRITE(7,401) (TITLE(D),J=1,12)
600 KEAD (8,402 ) N,KPK,BL
610 WRITE(6,402 ) N,KFK,BL
620 WRITE(7,402 ) N,KPK,BL
630 KEAD (8,405) STAKT,SFINS,NSTAT.NTH
640 WRITE(6,405) START,SFINS.NSTAT,NTH
450 WRITE(7,405) START,SFINS,NSTAT,NTH
560 KTH=NTH-1
870 C SUBROUTINE INITIAL DEFINES THE INITIAL DATA
480 CaLL INITAL
\ 490 Jo=1
700 Jn=2
710 READ (8,427)Jd.55
- 220 WRITE(6,427) 40,55
} '30 READ (8,427) JJ.SS
240 WRITE(4,427) JJ,55
759 WRITE(7,427) JJ,S8
260 C ENTER GEOMETRY AND FOTENTIAL DATA FOR INITIAL LINE.
770 DO 200 I1TH=1,NTH
780 READ (8,408) NDUM,X(1,ITH),Y(1,ITH) , THCT, TTH)Y JUF T, ITH) LUT (1, LiH)
790 MRITE(4,408) NDUM, XST,ITH) YOI ITH W THOU ITHY LURCE, ITHY L UT O, T THD
300 URITE(7,408 1 NOUMXCT, ITHY Y CE, ITHY , THOL, T THY LUR T, DM LT 01, TTHY
810 READ (8,408) NDUM,SC1,ITH) JUFLFCT, ITHY JURLT O ITHY L UTLECT L ITH),
820 $ UTLTCI,ITH)
830 WRITE(6,408) NIUM,SCt ITH) JUFLF (1 DTH) (UFLTO oD THY JUTLE O, TTE
340 $ UTLTOL,ITH)
35 WRITEC7,408) NDUN,SCH, ITHY JUPLF 1, ITH) JURLT (1, TTHY JUTLFC1, T i),
R4&O $ UTLTC1,ITH)
8720 READ (8,408) NDUMKFCH, ITHY JKTO1, ITH) JHET ITHY W F i1, LHi) oGl o 7
280 UKITE(4,808) MDUM KF O ITH kTl ITH) HOL, LTHY JF O, LTH) , GGut TTH
399 WRITE(7,408) NDUMLKPCT, ITH) JKT O, ITHY JHO ETHY JF Ot LTH) GG, 1 TH) ;
win 700 CONTINUE
210 DELTAT=TH(1,2) ¥
970 ID 201 15=1,NSTAT ]
910 NS=1(§ ’
v 40 [F(IS.GT.NS) 60 TD 500
950 READGE,327) 14,85
740 MRITE 6,427 JJ,58
o 19 202 IT=1,NTH
780 C ENTER GEOMETRY AND FUTENTIAL DATA FOR FHI-STATION JN.

790 READ (8,408) NIUM, XCIN,IT), YOINGIT)  THOIN,IT) JUPCONGIT ) JUTeUN,TT)




1000 READ (8,408) NDUN,S(JN,IT) UPLP(IN,ITI, UPLT(IN,IT) ,UTLF(IN,IT)
1010 $ LUTLTOIN,IT)
1020 READ (8,408) NDUM,KPCIN,IT),KT(IN,IT) ,H(IN,IT),FCIN,IT),66G(In,IT)
1030 202 CONTINUE
1040 D0 205 I1=1,NI
1050 ¢ COMPUTE COEFFICIENTS FOR LINEAR EQUATIONS
1060 C SUBROUTINE ZSYPLN COMFUTES THE COEFFICIENT ALONG THE SYMMETRY
1070 C $ LINE THATA EQUAL ZERD, THE LOAD WATER LINE.
1080 CALL ZSYPLN
1090 C
1100 €

‘ (110 G SUBROUTINE LECOEF COMPUTES THE COEFFLCIENTS OF THE LLINEAR
1120 C EGUATIONS EXCEFT ON (HE 5iMMETRY LiNES.
1130 €
1140 C
t150 Cal.L LELCIEF
Slane _0S Cudi INUE

i R DRV
RETND SUBKUUTINE FSYFLN COMFUTES The COEFFICLIENTS GOF G RE SYMRETR: “Laii
ey € THATA = FI/2,
1290 €
(210 CALL FSYPLM
1220 C SOLUTION OF LINEAR EQUATTONS 15 XV
1230 € SUBKDUTINE SOLVE COMFUTES THE S0LUTION.
1240 CALL SOLVE
1250 602 CONTINUE
1260 WRITE{S,4041
127 1= JN
1280 00 204 1MH=1,nTH
1290 WRI T o 403 THOK . LTHY DX KL T THY W YA TTH WS e A THD L i XV I THL T . T=1, )
1300 WRITEC7 A0 THOK ITH) W XKL LTHY YR I THY Jh i i) oo f0 T IHL 10, T2, 3)

3 1310 204 CONTINUE
‘;} 1320 205 CONTINUE

] 1330 JO=Jn

' 1340 IF JOLERL 1) IN=2
1350 IFCJ0.ER. ) JN=1

1360 201 CONTINUE

1470 500 LONTINUE

1380 401 FORMAT (12646

13799 402 FlhaTicTo RS

(I RrRY 403 FORMATL 4F10.4,3£20.8)

1419 404 FORMATCOIHZ2, 49X, 46 THATA, 86X, 2H 2, 9%, 2H v, 95,20 S, 0t b4 . 8%

1420 $ 2H TI9X.ZH H)
N 1430 40% FORMATOZFIG.S.2010)
& P440 406 FURMAT (10X, 315,70
f
i
l‘;
) j 131
}
j s
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1450
1460
1470
1480
149¢
1500
1510
1520
1530
1540
18560
1540
1570
1980
1590

40/
408
409
410
411
412
413
414
415
416
417
42
427
470

FORRAT (5X,3E15.7)
FORMAT(113,5E15.7)
FORMAT(1E14.5)
FORMAT(S14 )
FORMAT(4F10.6)
FORMAT (54H NS IS NUMBER OF STATIONS AT WHICH BOUNDAKY LAYER 15
FORMATCI9H T0 BE CALCULATED )
FORMAT(19H NS=  1I3 )
FORMAT(IIS)
FORMAT(43H NI IS NUMBER OF ITTERATIONS AT EACH STEF )
FORMATC14H NI= 113 )
FORMAT(26H INPUT DATA DUI OF ORDER. /218)
FORMAT(113,1F9.6)
FORMAT( 3A10)
END

)
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. 1600 SUBROUTINE INVERS(A,AI,T)
4 1410 C COMPUTES INVERSE OF 3%3 MATRIX A
' 1620 C Al IS INVERSE TIS TOLERANCE i
1630 DIMENSION A(3,3),A1(3,3) ,TH(3,3),EM(3,D)
1640 DET=A(1,1)%A(2,2)*A(3,3)+A(1,2)#A(2,3) %A (3, 1)+A(2,1)+A(3,2)%A(1,3)
1450 D=AC1,1)%A(2, %A (3, 2)+A01,2) A (2, DI *A(T, 21+A(1, 31 #A(2,2)+A(3,1) :
1660 DET=DET-D
1670 DAB=ABS (DET)
j . 1680 IF(DAB.LT.T) GO TG 501
14690 uI=1.0/DET
1700 AT, 1= A€2,2)%Aa03,3)-A03, 21%A02,3)
1710 AL(2,1)= A(2,3)%A(3,1)-A(2,1)1+a 3,3
1720 ATCE,1)=-AC2, 208403, 104402, 1)4803.2)
1730 IO, 20=+A0 30 bae 5, 2) A0 1, 20%A(3,5)
174y A3, 2)=-A01,1)#A(3,2)+A (1. 21 xA(3, 1)
1750 AL(2,2)= ACL, 1) #A03,3)-A01,3)%A13, 1)
1740 ALCI,3)= AT, 20eal 2,30 -A0t 40 %a02, ) v
1270 ATC2,31=-a(t, 1)eA02, T ali S0 eal., ;
1780 AlCE, 305 AL EAlZ 2okl 2 eR(2, 1) ;
21 0g 200 I=1,3 |
a0 po o209 01,3 i
1810 LT, D =0lal oL, 00 :
1820 200 CONTINUE
1830 Lo 201 1=1,3
1849 ng 201 J=1,3
1850 (L, 0)=0.0
1860 EM(I,J120.0
Y 1870 TFIT.EQ.J) EM(I,N)=1.0
& 1880 0o 201 K=1,3
i 1890 200 TM(L,.D=sTHCL L, D +ACT KI*ATIK, )
b 1900 0o 202 I=1,3
1910 Bo 202 J=1,3
o 1920 15=1
- 1930 Jg=J
1949 OTM=TH(T, D) -EMCL, )
@ 1950 ATH=ABS(DTH)

i 1960 IF(ATM.GT. 1) GO TO 502
’ 1970 202 CONTINUE

1980 500 RETURN

1990 501 URITE(4,400) DET,T

2000 WEITE(6,401) A
2010 STOP
. 2020 902 URITIE(H,400) DET,T
; 2030 WRITE(S.401) A
: 2040 WRITE(0.301) Al
)
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2050 WRITE(6,403) 1S,JS

2060 WKITE(6,401) TH
2070 WRITE(6,401) EM
: 2080 WRITE(6,402)

| 2090 STOF

2100 400 FORMAT(SH2DET=,1E15.7,5X,34 T=,1E15.7 //2H A//)
2110 401 FORMAT(3ENS.7)

2120 402 FORMAT(2HSH INVERS IS5 NOT CORRECT )
2130 403 FORNAT(2ID)
2140 END
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2150 SUBROUTINE INITAL

2140 C DEFINES INITIAL CONDITIONS

2170 COMMON/VAR/XY

2180 COMMBUN/INT/NTH,NTH. WS, DELTAT

2190 DINENSION XV(150,3)

2200 URITE(9,402) [ TE

5210 NRITE(9 405) S ¥ €47€ (2,91)
232 READ(S,404) NC

2230 TFONC-13100,101,102

2240 100 WRITE(9,40%5)

2259 READ (5,401 THI

1260 WRITE(9,401) TH11

2270 URITE(Y,406)

2280 READ (5.401) T

2290 WRIFE(9.401) T

2300 WRITE(9,407)

2310 READ ¢%,401) H

2320 WRITE(9,401) H

2330 WRITE(5,401)TH11,T,H

2340 b0 200 ITH=1,NTH

2150 AV (ITH, 1)=THI

2340 XV(ITH, 2) =1

23720 200 XV(ITH,3)=H

2380 WRITE(5,400) TH11,T,H

2390 WRITE(7.401) Tril,T,H

2400 RETURN

2410 101 READ (13,408) NTHCK

2420 IF(NTH.NE.NTHCK) GOTO 300

7430 READ <11,401) ((XV(I.d3,d=1,3),1=1, 871
2440 WRITEC 6,401) (CAY{l.dseJdz1,3),1=1,NTH)
2450 WRITE( 7,401) ({XV(I,0),d=21,3),1=1,NTH)
2460 RETURN

2470 300 WRITE(9,408)NTH,NTHCK

2480 WRITE(9,409)

2490 510

2500 102 WRITE(%.47w:

2510 ST

AL/ S0 CGRAAT (1 eHTINITIAL YALUES /R THYI=1F10,4,9%,.34% 1= 1F10,9,
2530 $ 5K 3IH H=1F10,47. )

2540 401 FURMAT(3F10.5)

HE0 0 404 rORMATW4SH T THE INLTIAL MALLES &% OG0T zoite 00 0
e Aua MienAToIld ciHEsAiLE ENTER & 8 0 &

LT 40 FONMAT(NLN:

S99 AuL FURMATCI9H (H1= TR1E,S )

CEEn 404 FURMATCRLH (= [AMVBETA) = 1F10.4 )

411 Pormat (if the Initial Values
are gpecified as a function of them Enter 1)
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2600 407 FORMAT(19H H= 1F10.5 )

2610 408 FORMAT(SH NTH=,113,/7H NTHCK=,113 ///)
; 242G 409 FORMAT(48H NUMDEF OF INITIAL DATA NOT COMPATIBLE WITH NTH )
| 2630 410 FORMAT(A7H URITE OUN ROUTINE FOR ENTERING INITIAL DATA )
! 2640 END
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2650
26460
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
277
2780
KRR}
800
7310
DRG0
2830
2840
2859
2860
2870
7880
2890
2900
2990
2920
2930
2940
2550
2960
2970
2980
2990
3000
3010
49020
3030
10490
305y
2060
50[’0
408y

A07F0

Cae i B o I o Y o B w B o BN o0 K o BN v 4

600

e AL B P 11t b <> oo 2] B

SUBROUTINE COEFF(TH,H,SA,CA,T)

ALL FUNCTIONS COMPUTED IN THIS SUBROUTINE ARE FUNCTIONS OF THATA.
H, ALPHA, AND T

SA=SIN(ALFHA), CA=COS (ALPHA)

A IS THE COEFFICIENT MATRIX FROM THE LEFT SIDE OF THE PDE

B IS THE COEFFICIENT MATRIX FROM THE RIGHT SIDE

C IS THE FORCING FUNCTION

VAKIABLES BEGINNING WITH G OK H ARE DEFINED IN SUBROUTINE 15S
FC ARE THE COEFFICIENTS OF THE PILYNOMIALS A AND £ (NDT RELATED
TO COEFFICIENT MATRICES) WHICH BRING IN THE REYRULOS Nisnkds
DEFENDENCE.

COMMUN/CH/FG, DUIM

COMMun/ LABC/A . B,L

COMMON-CG/G,H1 ,H2,TFG,5F6
COMMON/CGD/GH ,GAGT JHIT,HIH H2T ,H2H
COMMON/CODD/GHH, GHA, KT, 0AR,GAT ,BTT
COMMONCINFUT/ULP,YLP UL TH WLTH, U JKP KT UMLTH, UNLE
COMMUGN/COEFFC/FC

COMMON nT

REnL KFWKT

QIMENSION A3, . 0(3,0),0C(3)

DIMENSTION G(2,2) ,GH(2,2),6A02,2),G1(2,2)

DIMENSION GHH(2,2),6HT¢2,2),6HAC2,2),6AA(2,2),6GAT(2,2),6TT:2,.0)
DIMENSION FC(2,4)

UMLT=UNMLTH

CALL GH(H,S5A,LA,T,1)

COMPUTE A

All,1)=6(1,1)

ACL,2)=TH+ GT(1.1)

A1, 3)=TH+GH(1,1)

Al2,1)=6¢2,1)

ACZ,2)=THEGT(2,1)

AT2.3)=TH+*GH(2,1)

A3 1=TFG :
A(3,2)=TH#HIT

AT S =THHHTH

COMFUTE B

B(1,1)=6¢1,2)

Bet,2)=TH+GT (1, 00

Bet,3)=TH+GH1 ,2)

Bi2o1)=be2,2)

Bi2,20=TH4GT(2,30

Be2o3i <Tidebne2, )

43,1570

g3, )= THsH2T
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3100
3110
3120
3130
3140
3150
3160
3170
3180
3199
3200
N
1220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3409
3410
3420
3430
3440
3450
3460
5470
3480
3490
3560
3510
3520
1530

3540

109

200

300

B(3,3)=TH+H2H
IF(AT.NE.3) GOTO 100
WRITE(4,400) FG,DGDH,TH,H,T,S5A,CA
WRITE(46,403) G
WRITE(6,403) GH
WRITE(6,403)GT
WRITE(4,402) A
WRITE(6,402) B
CONTINUE
REYNOLDS NUMBER INFLUENCE
REYNOLD"S NUMBER BASED ON LENGTH IS SET AT 10%+%s
RL=1.0E 06
RT=RL#TH*UM
RT=ABS(RT)
RC=ALOG(RT)
FA=FC(1,1)
FB=PC(2,1)
e 200 J=2,4
PA=RCxPA+PC(1,J)
PB=RC«PB+FC(2,J)
CF1=EXF (FAsH+PH)
CFP=CF1s{CA+T*5A)
CFT=CF1e(-SA+TxLA)
DELTA1=TH+H1
DELTAZ=THH2
TF=TH+TFG
SF=TR«SFG
COMPUTE C
UNI=1.0/¢1.0+UM)
Cl1)= Q.S#LFF=-2, 0% THAUMT:k(GCT 1) UMLF +GCT,2)#UMLT)
IF(AT.EQ.3) WRITE(6,401) C(1)
Ci1d= CO1)-UMI«(DELTA1*ULF+DELTAZ#ULTH)
IF(MT.EQ.3) WRITE(4,401) C(1)
XKT=601,2)+6(2,1)+5AxM1
XKP=6(1,1)-G¢2,2)-5A%H2
1F(¥T.NE. 3260 TO 309
WRITE(4,400) FA,FE,CF1,CFF,CFT
WRITE(5,400) DELTAY,DELTA2,TF,SF,UMI
WRITE(6,400) XKT,XKP
CONTINUE
COVy= OV ATHR KPR XKE+RT 6 XK D)
IF(MT.EQ.3) WKITE(6,421) Ci1)
CC2)=0.54CFT-2,0#UMI4 (G2 1) hUMLI+L2,.00 i UNL T il
Ctd= Le2)-UML&CDELTAYEVLP « I T A2 #ILTHD
ARF=0 (1 2040021 )+CAFHD
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3550 XKT=6(2,2)-G(1,1)-CA*H1

3560 C(2)= CC2I+TH* (KPEXKP+KT#XKT)
3570 C(3)=0.025%H-0.022

31580 IF(NT.EQ.3) WRITE(6,401) C(3)
3590 UNI=1.0/UNM

3400 C(3)= C(3)~UNI+(TF+UNLP+SF+UMLT)
3810 IF(MT.EQ@.3) WRITE(6,401) C(3)
3620 C(3)= C(I)+TF*KP+SFKT

3630 IF(HT.ER.3) URITE(6,401) C(3)

3640 500 RETURN

3650 400 FORMAT(3X,SE15.48)

3660 401 FORMAT(3H C= ,1E15.%)

3670 402 FORMATC(3E1S.7)

3680 403 FORMAT(2E1G.)

3690 CATALOG(BLTINY BTHLCUEYF (ID=CHXL , kRF=120)
3700 END
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3210 SUBROUTINE GS(H,SA,CA,T,MG)

3720 C ALL FUNCTIONS COMPUTED IN THIS SUBROUTINE ARE FUNCTIGNS UF H,
3230 C $ ALPHA AND T
f 3740 C SA IS SIN (ALPHA) AND CA IS COS(ALFHA)
¥ 375 C 6(1,J) ARE THE FUNCTIONS G SUBSCRIF 1J
: 3760 € GH IS THE DERIVATIVE OF G WITH RESFECT TU H
3770 € GA " wn e e “wer " ALFHA
3780 C 61 "¢ e e no i " {
1790 C GHH,GHT,GHA,GTT,GTA,GAA ARE THE RESFECTIVE SECONI' PAKI [AL
1800 € $ DERIVATIVES.
g 3810 COMNON/CF/FB
i 38290 COMMON/CEO/F BF  FBFF
| 3830 COMMON/CO/ G HY K2, THGLSFD
; 3840 CUMMON/COO/OH, GALGI JHT T HIH, H2T KK
5 385¢ COMMON/CFG/FG, UGIH
| 3860 DINENSION B4y PR (8) FEPT(4)
! 3870 DIMENSION G¢2,2),6H{2,2),6A(2,2),6T(2..)
: 3880 CALL FS(H)
f 3890 C COMPUTE H1,H2,Ht1, AND H22
» 3900 C Hit WILL BE COMPUTED A5 TFG
3910 C H22 WiLL BE COMPUTED AS SFG
3920 C HIT,HTH,H2T ,H2H ARE PARTIAL DERIVATIVES WITHWITH RESPECT TO 1 ANU
{ 1930 C § H OF THE FUNCTIONS HIY AND H22
: 3940 HiT=-FB(4)#5A
3950 H2T=FB(4)+CA
3960 Hi=H*CA+ T«H1T
3970 HZ=HeSA+ T+ 42T
3980 C COMPUTE THE FUNCTION T=G*CUS{ALFHA)+T+FE425INCALIHA)
3990 C COMPUTE THE FUNCTION GBS INCALFHAY ~T#FR4£005 (ALIHAY
4000 FG=2.0%H/(H-1.0)
4010 TFG=FG*CA+T+FR(4)£54
4020 SFG=FG#SA-THFB(4)+LA
1030 HiT=-H11
4049 H2T=-H21
5050 UGDH=-2.0/<(H~1.0)%(H-1.0))
4060 H1H=CA*DGDH+T+FBF (4)%5A
4070 H2H=SA*DGDH-T:*FBI*(4)#CA
4080 C COMFUTATION OF G"S
1090 CAS=CA+CA
' 4100 B5AS=5AFSH
Vito SACH9ARA
Al T5aTHT
410 FOFT=FEA{ 147 1 2)
3149 Buly i) Lan-THFOF1#5ACA+TSHERI3) #5435
4150 F=1.0-T5+FB13)
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4140 LIV, 21 =PeSACA Tat Lo rsCAS FB Y, sSAS

| 4170 G(2,1)=7sSACA+Ts(FB(1)I8CAS-FB(2)85AS,
4180 £12,2)=SAb+TeFOPTsSALA +T5sb B Y)sLAS

| 4190 C COMPUTE FIRST DERIVATIVES
4200 CSHSS=(A5-5AS
4210 GTer, vz FORTesALArY, Qs sfF R 3005a5
422¢ GHOY 1)z -To(FBF 1 efBE: L oRCATTS b & ¢SA-
42130 GTor o 2.08TebbogrenAlAe o100 AS v e
1.4y CHOY 2oz seb e Jo o3 AT B RE e v b
4.5 DA, chRelsm L Lol i ash0
4 DIve, -2 00Tsb by DoannlAasiy v 3 -
L Y LHES T pE Ly SALAY 0 b oA
128, Gt ye -FUr Ty yhmchr. L0 o -
RN UM .. itk L Paa mr T
' Suu RETUKRN
byl ENE

P —
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4320
4330
4340
43150
LRY-H
i

P50
PAvy
B N
14

FX
144,
14°
145
14’Q
14
147

40N

154
LY

HEN

COMPUTES "Mt (ULFELILIEMTS UF IHE LINEAR LUUATIUNS KEDuUL PiNG FRUM
Tt ImFLICL PURMULATION UF THe HDE.

CONRUN N NThon e we L DE: Tal

CURMON Dt o, Ok, e

CJUMRLN A W

BSLLL VT IR VY SU N

CUMMLN GRTALN L U L Y O S VY R
CMRGN E N ey T e
L TT TS DI

CARUN e U0 e ] IR L E WREY FE 1

CURATDN N LN

Sy L T X
L LT N
YR e
ClmEw QN vt
[iintn abo A
DImENslON v L I T
oMb NS N ot AR RV RN SR L I FTR oL RN
JOAL TS R R B L R L
NI L I B U U T U .
COmENS T b e
I T T T - DU
o . N
"
" mo e N, ST N,
L ~, . v . ob N LY LN,
» .~ -
. -
B ", o
14 v,
s Ny
U T fo,u
Vi ',
"o e,
LA
Loy L P
"o e Ve a
- ! i L.
. S
L2
- 4
- 3 3 R
- : 1 " ” iR
- N R [ "




477 WRITE(4,400) XKP,XKT
4780 WRITE(46,404) A
4790 WRITE(¢,407) B
4800 WRITE(6,406) C
4810 301 CONTINUE
4820 ADEL=ABS( DELTAT)
4830 IF(ADEL.LE.TOL) GO 10 500
4840 IF(H(JN,IT),LT,TOL) GO TO 300
4850 IF(GG(JN,IT).LT.TOL) GO 10 300
4840 §5=5(JN,IT)-5(J0,1T)

! 4870 56T=0.5s55/DELTAT

: 4889 HI=1.0/H(JN,IT)

E 489 661=1.0/66 I8, 1T)

ﬂ 4507 Bo 201 15+1,3

ﬂ 4v19 C(I5)=u5%C(19)

’ 4920 0o 201 JS=1,3

* 1930 BOIS. U5 =50l eBOIS, J5) 4651
4940 LG, A5.15,J50=HI#A(IS,JS)
4950 CALL INVER:(AS,ASI,10L)
4960 IF¢lT.NE.3) GU TU 302
3929 WKITE(6,407) AS
4989 WRLITE 6,400 @51
4990 WRITE(e. 40" &

1 00 Wrileva, 405 €

X L3100 302 CUNTINUE

i Y o 20z IB=1,3

Gudd U0 207 1B-1,3
Soan QORVIT Ik, JB)=0.0
5059 DO 207 K=1,3
5060 202 ODRCET,IB, JB)=OURCIT, IR, JE) +a51([H,K) 280k, JE;
5070 DG 203 1B=1,3
S 080 CRo LT, iB =4y {IT, ik
WGy [U 203 £-i,3
RV SO Ui et UF Lo idet el (B KLU

DUE 0 200 LONTINUE
AP S00 REvorw

-’ BTG 4y W LT (s A0 ]
g WRITE (o 4000 JNVATL OCLTAT e JN.MT) GG CIN. MDD
j 5150 49y FORMATOIOX.SE1S.7)
5 160 401 FORMAIISY. 30H DELTAT.H, OR GG ARE ZERil. ’

. Y170 402 FORMAT(SX,215,3E15.7)

! 180 403 FORMAT(16HIFRON 1LECOEF HT=  ,I4/7/10X,454 THIT 15X, 1.
SR 406 FORMATCISX,3E15.7 )
5200 407 FORMAT (5X,3L15.9)

T, H O H)

5210 ERD




flﬁ?

vz.0
5°% C
5240 C
95250 C
5260
5270
53280
5290
5300
5310
%320
<330
5140
150
b 340
R
5380
5390
5400
=810
4429
5430
1440
4450
460
1479
5480
0499
]
519
N U920
3530
3940
0950
960
VY
nSEY
L9Y0
5600
5610
1620
e3u
be
IRV
Les0

SUBROUTINE ZSYLN
COMFUTES THE COEFFICIENTS OF THE LINEAR EQUATIONS RESULTING FOOn
THE IMPLICIT FORMULATION OF THE FOE ON THE LINE OF SymmizTRY
THATA= 0.0
COMMON/INT/NTH, MTH,NS,DELTAT
COMNON/CDOD/ODL,D,0DR,CR
COMMON/VAR/ XV
COMMON/COEFIC/PC,RL
COMMON/DATAIN/ TH,UF,UT,S5,UFLF, UTLF,GFLT UILT
COMMON/GEOIN/KF.KT ,H,F,GDO
LUMMON/ CABC/ .8, 0
COMMON/CINFUT U GULF LT vl T un, 2et, xdo , Unt ) UsLE
COMMON/ 1DN Wi, 1
REAL tF 31T
HEMENS IO XV 190, 3)
DIMENSION FTL2,4)
DIMENSION UFiZ2,1590),0T(2,150),THC 210
DIMENSION SC2,150) UFLP(2,150) JUTLPC2, 150 ,UPLT 2,150 UTL o 1hi
DIMENSION KP  (2,190),KT (2,150) ,HC2,150) F (2, 130,00, 1
DIMENSION D(150,3,3),00L¢150,3,3),00R(150,3, 51,LR0150.5)
DIMENSION A(3,3),E(3,3),0(3)
DIMENSTON A5(3,3), AS1(T,3)
11=1
Ki=1T
ALFHA=RTAN LU T eI T D) I EOR, IT) )
UH=UTCIN, IT U TOON, T D)+ UR CUN L Ty U dn T 1)
UnM=SarRT(UM)
SA=UTOUNL LT /UM
CA=UFVIN,TTY/7UM
ULF=UFLF (UN,IT)
VEir=UTLFCIN, 110
DLT=UFLT ONCIT)
VLT=UTLTOUN, T T
Xht =l i, 17
X T=lToan, 07
il §=UARULT #Saebd
UMLF=CAtULF a8 eLP
CALL COEFFOXVCIT 1, XVIIT,3) ,5a, CA XYL 2
FFCHOIN, DT LT.0,000001) b T 300
TFeobGe ONLTTo s e 0uuaty uu 10 s
suesdn, f -5 0,1
3T EUL LY S iR
BRI T Ao
Al=t.y Hi R, T
hl=tog o b,
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5670 0o 201 I5=1,3
5680 CRCIT 1S5)=0.0
5690 C(I5)=55+C(I%)
5700 D0 201 J5=1,3
5710 0DR(1T,I5,J5)=0.0
9720 B(1S,JS)=8ST*B(15,J5)*GG]
5730 20t ASCIS, JSi=HI+A([5,.5)
5740 DET=AS5(1,1)*AS(3,3)-A5{1,3)+A5(3,1)
5750 DETI=1.0/01
! U760 BOROCIT,0,2)= DETIH(AS(3,3)#B (1, 20-A501, 5B 3, 20
5770 ODRCLT, 3,20 =-DETI#CAD (3, 1B 2 -ASU 14RO 5, 2
4780 CROLT 1) =XVCIT 10+ DETIH(ASCI 00 (1) ~AR ) 30 30
EY0 CROIT,2)=xV(1,2)
%800 CROIT 3= i, 30 -0 T LA dAS (R, st -As (T, 140 03))
3810 500 RETURN
5820 J00 WRITE(6,401)
i LB3G WRITEC 6,402 s AT DELTAT 0O INGMT 0000, 1)
5840 STUF
3859 400 FORMATOIOX,OL19.) l
ygoy 401 FOwRAATESs, 305 DELTAL,H, OR OG ARE ZERU. 2
SR 402 FORMATCOA,2I5,3E10.7)
Bl 407 FORMAT (5X,3E15.5)
B0 EdD
Tk
f d
’ {
) .;‘4
.
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!
5900 SUBROUTINE FSYPLN !
5910 € COMFUTES THE COEFFICIENTS OF THE LINEAR EQUATIUNS RESuL TInt FJ0n %
5920 C THE IMFLICIT FORMULATION OF THE FOE ON THE LINE OF Sinni:tky i
930 C THATA= 0.0 !
5940 COMMON/INT/NTH, MTH NS, DELTAT ;
5950 COMMON/CLOD/ODL, 0, 00K CR !
9En CONMON/VAR, X\ i
4970 LOMMON/COEFFC/PC LKL ;
5980 COMMON/DATAIN/ THLUPLUT.S JURLE  UILFP,UFLT,UTLT i
=29 COMMGN/GEQIN/KE KT H F, 06 '
s0uQ COMMON/CABC/ AL, j
4010 COMMON/CINFUT/ULF  YLF ULT VLT, UM, XKF  XKT UM UL
A0 COMMON/JON/ S0, JN )
S0 REAL KF,KT i
4040 DIMENSTON XV (150,30
VLY DIMENSLION PLC2,4)
605y DIMENSION UPCZ 1900, UT V2,150 JTH(2 0490 4
5070 DIMENSION SC2,1500 (OFLFO2, 1500 JUTLRC2, %0 ok c 102 180 JLTl i v
A08Y DINENSION KPP (2,150) BT (215301 M2 1500 2015900 .1 s
5099 GIAERSION DU156.3,58), 00001590, 3,300 B0, 400y 1500 3
A100 DIAENSTUMN AC3, S 803,030,005
PAREY GIMENSTunt A5(5, 36, M50t 2,3
At 1i=n7d
2199 (R
S ALy sm e e b N T R O, 110
i UR=UTodN, TT) el TN, DO +UP CON LTI UF CUNL LT
] 6160 um=5GR1I(UM)
| A179 SA=UTCIN, LT Un ;
| &180 Casbr CIN. T/ Lin 4
; a190 LF=UPLF N LT :
¥, 3299 Vii=ulur oI, i
-j Goiv ULzl oo, 1
RS Yhlzaciy I
R AREERE O L) i
5240 Alaoizi oI, L
ERa I TR R S IR R AV
' URLF=URELL, . _
R CALL CUOLRFY O3 or WWIT ) 58 LA AUCLT, 2N i
5180 [FCHOIN, T LT.0.00vu01) GO 7O 30v
5290 IF(GOC JNLIT) 1 .3.000001) GO TG 309 +
&300 9325 0N ITY-S U I D) |
3310 S5T=0.0¢ 3/ LTAT
230G 55T =2.0850 1
138 Hi=T 0K I, LT
FEEIN LOI=1.0/GLCUN,LT) !
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4350
63460
6370
6380
4390
6400
4410
6420
44390
6440
5450
H46D
5479
H430
5490
69090
6510
2320
6339
a0
AS50
A5A0

AN

Sy e S hupan Ml TAS o o

201

500
300

490
4G
402
407

PURCURL PRI

Do 201 1s=1,3

CRCIT,I5)=0.0

C(I5)=55+«C(IS)

DO 201 J5=1,3

0DR(1IT,15,49)=0.0

B(I1S,J5)=55T+B(IS,JS)*GG1

AS(1S,JS)=HI+A{1S,JS)
DET=A5(1,1)%AS(3,3)-AS(1,3)+a5(3, 1

DETI=1.0/DET

ODR(IT,1,2)= DETI+#(AS(I,3):kB{), »)-a5(1, 314603, 2))
OORCIT,3,2)=-DETI#CAS(3, 10+B{1,2)-A5Ci 1) +EC3,2))
CROLT 1D =XVCIT IV +DETIH(ASCS,3)¢C(1)-A(1,3)¢C(3))
CRUIT,2)=XV(1,2)

CROIT, 3 =XV LT, ) -HETI*(AS(S, 1)¢C Q1) -ASCL, 14003
RETURN

WRITE(6,40i)

WRITECS,402) I i T DELTAT o0 JreentT o yediz Jiart o
STUF

FORMATC(1O0Z.91%, .7

FURRA T SA. SuH DelTAT .1, OR UL ARE ZERU.
FORMATCSX, 215,375,

FORMAT x5 15.5)

Feld
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4980
4590
6400
6810
46620
4430
4640
4450
5440
4670
4680
2070
G700
EEAKY
5720
6730
8740
a750
67460
6. 70
5730
7%
agu
Lol
RY- 3¢
GBIy
3640
3399
Lgol
Y 9
5880
870
5700
REARY
2720
57 54

"
A

T

SRRV

g
SUG0
RNV

D)

Lor B or BN o B o]

=
L

THE ~OLLOMING

SUBROUTINE FS(H)

ALL FUNCTIONS COMFUTED HERE ARE A FUNCTION OF H
FB(J) ARE THE FUNCTIONS F BAR SUBSCR1P J
FBP AND FBPP ARE THE FIRST AND SECOND DERIVATIVES OF FB
GFH IS G+H WHERE G=2#H/(H-1)

COMAON/CF /B

COMNON/CHD/FRE FRPF
VIMENSION FER{4),FRBF(4) FBFF({4).F () FFods FPF{4)

Hitl= hH-1.0

TF STATEMENT DETERMINES IF

CNE OF THE FB FUNCTIONS.

IFCHNT) 501,501,100

Hnil=1.0/HMl
RE1IS=HATT*HM1 I
HI=1.0-H
HIS=HI#HI
HS=H#*H

HF 1=+ 1,0

02 WFYLEY LG b

104

100

106

CUMKITE + AD

HF1Q5
TEISEI R
MFZT=1 .0/ 1P é
HE2LS=HP I IedP 2]
HPS=zH+3.0

RESD= 1,0/HP2
HFIIS=HP3I#HF3L
HF4=H+4.0
Hi-d[=1.0/HF4
HE415=HF 4 [+ 4
HFG=H+5 .0

HIES L - 1 W 0/HES

ARG -HPS DL

PP Lear

il T GFH ANl

GrR=HEHP Erhit ]
FaHe 2. 0%H-1.0
GEHF =PHNTLS

00 DERDVRTIVES

175 FIRST DERIVATIVE FF

148

THERE

15 A SINGULARITY

I

- T




7030
7040
7050
7060
7070
7080
7090
7100
J110
/120
7130
2140
2150
S160
7170

S v X
<

Lol

B

Lo B ST 6 IRFOR S5 RS

F B ol r) -

~, .
o

i i = g <

N

r
L4

200
300

901

F(1)=HI-2,04HP1I1+HP21
FP(1)=-(HIS-2.04HP1154+HP21IS)
F(2)=HI-4.0%HP1I+HP2I+4,Q«HP31-2. 0:tHFSI

FP{2)=-(H
F(3)= (RI-4.0#HP11+6.0%HF

15-4,0%HP115+HP21S+4.,.0%HP3IS-2, 0#HFIIS)

21-4,0+tHFPIT+HF4AT)

FP(3)=-(HIS-4.0+HP11S+56.0%HP215-4.0+HFI]S+HPAIS)

F(4)=2.0%(HP1I-2.0+%HPIT+HFSI)

FP(4)=-2,0+(HF1IS-2.0+HPITS+HFSIS)

F(4)=-F(4)
FF(4)=-FF(4)

CONFUTE FB.FBF

00 200 I=1,4

FBLIr=-F{L}+GPH

FRPCD) == (PP {04 0rA+F C L) $GFHP )
RETURN

WRITEC6,400) H
STOF

400 FURMAT (44H1SINBULARITY I UNE OF THE F Fuwi i (OR)

13nkH= 1F7.4 )
Eni




3 7260 SUBROUTINE SOLVE

72720 C THIS SUBROUTINE SOLVES THE LINEAR EGUATIONS RESULTING FRO# THE
: 7280 C 0 BRIEN,HYMAN,AND KAPLAN IMPLICIT FORMULATION. A DIRECT GAUSSIAnN
‘ 7290 C REDUCTION IS APPLIED TO THE SPARSE COEFFICIENT MATRIX.
2300 C THE COEFFICIENT MATRIX HAS THE TKI-DIAGONAL FORM
2310 C (0DL(I),D(1),0DR(I)) WHERE I STANDS FOK THE I-TH ROW AND ODL¢!),
73120 C D(T), AND ODR(I) ARE 3*3 MATRICES.
7330 C THE SOLUTION [S XV.
7340 COMMON,"INT/NTH,MTH, M5, DELTAT
7350 CONMON/VAR/ XY
2360 COMMON/CDOL/GDL.D.ODR, LR
7370 COMMON/TOLERN/ TOL
7380 DIMENSTON DC150,3,3),000¢159,3.3) . 0DR(150,3,3),LR{199,3)
23%0 DIMENSION XV(€150,3)
7400 DIMENSION &C3. 3. A0C3,.5),B03,35,UM(3,3),Y(3)
k | /410 WRITE(6,4059) ci00RCI, L,0) 0=, 3 LRG3, T, &9, 1y L=1, 5
} 2420 C
7430 C GAUSSIAN REDUCTION BEGINS
: 7340 DO 209 I[=1,NIH
450 bu 20% i-1.3
/409 Jo7 L D=0l
T30 L AT THLES FOINT &Y [5 RIGHT SIDE 0 LAQUATIONM,
7480 B 206 I=1,s
2490 Do 2086 J=1,3
7909 unll, 4=
4 2510 Helaewady uicd, Jr =10
A S50 NS I G D I BT RN O
: S53 JOLe i, by dy--uukCiobad
Gau cue LunT Il
254 G 00 Lls NTH
i Mli=11 ;
570 [V RTRR I o I
C58v [ATTRRCIN DR IE B
SR pifl.lodr=umel,d)
500 OOL{I{, I =-00RCII, .0} ;
RESE) 00 204 K=1,3
7420 208 Dol L =000, 1, 0400RCTIT, T, KO#GDRCTIT -1, K, 00 .
2630 207 ALL, D =D(II, 1,0 1
SL40 Do 201 k=1,3
7650 XUCTT D= TE L Q00T [ KX el -1 ,1) 1
S 440 <01 CONTINUE
7670 C INVERS COMPUTES THEE INVERSE OF THL 343 adiiRIx A,
Y1 CALL INVERS(A,AL,TOL)
’070 [FvIione. 30 GO T4 300
ST WRITEr4,404) A

150




2210 WRITE(4,404) Al
2720 WRITE(6,404) (XV(3,1),I=1,3)
2730 300 CONTINUE
7749 po 202 1=1,3
2750 0o 203 J=1,3
2760 A(T,4)=0.0
2770 B([,J)=0.0
/780 TC=0.0
77790 D0 203 K=t,3
78090 AT, DY =AL,dr+alc RO ey 0y
T8 Y Bl =R, DvAl T k0RO T L E L D)
5 Do 202 K=t1,3
J 830 02 (=T Dy enal Lo+ xXV eI, i)
1 840 o 208 I=1,3
7850 FAV=ABS(Y(L )
1 TFCTAVLLT T 0E-12) YODi=(.0
4870 Xyill,Ir=v(1)
111 D0 208 J=1,3
¥y9y AAVEAAS KA, s
LD RS TELF I TR S /T C B - T G B Y B
: bav=abks k[, 1))
S TFCERY oL lei s -tk =0 e
iy Pell teoi=mela s
532 [ S G SR S S G
0 ARY=ABS Al -URATL 0
EE-TY TEeaBY Gl o dE-13)y  GOTO 902

vy 208 CONTINUE
7980 200 CONTINUE

190 L

s (0 THE GARUSSIAN REDUCTIUN D funtboh, Gty bLonlt o Lens tuaN Qoo

ADIO Y HAS HEEN KEFLACED BY 9.0,
* 0Ny

EEE TS BEGIn BaCKk SUBSILITUTION,

3040 1,

HO49 G 226 1B=1,fdTH

i L=idTH-1iB

BUT0 0 221 [=1.3

3080 D0 221 K=1.3%

RORIY R I SRR DS (UL ST O I T (I R QR ER S R S

RS 220 CONTIHUE

AN

M0y Suisu LON COMFLE D,

139 C AV LD NOW O THE SOLUTT TN,

AR IV

BTN CHe L L i DN 1
R

151




8140 C
8170
8180
8190
8200
82140
8220
8230
5240
8250
3260
82/0
3280
aefu
')
Jou
8330
8dd4)
8150
8360
8370
8380
3390
5400
3410
3420
3430
044y
B4450
o
4790
348y
3490

R RAl

211

[

ra

DO 211 II=1,NTH
CONTINUE

MI1=1

DO 209 1=1,3

WD =XV(i,1)

DO 210 K=1,3

YD =Y (D000, T,K)$XV(2,K)
ABSV=ABS (Y (1)-CR(1,1))

IF (ABSV.GE. 1. 0E-05) G010 503
CONTINUE

w0 212 I1=0,nTh

nli=11

uw e I=i,3

PO =X D

BG 213 K=1.3

IO ES AU SRV G B G4 RS SRR B U WO R 1] U A O U S OISR O (3 T F

ABSV=ABS (Y(I)-CRIII.D}
IFCABSV.GE.1.0E-05) GUTO 503
CONTINUE

MII=NTH

DO 214 [=1,3

YU =AVINTH, D)

Do 215 K=1,3

YOL =Y CDp+URL INTH, LR XU (MTH )

ABsV=aBS Y1) -LRINTH, 1))
[FCABSV.LELT.0i2-09) LUTE 343
CONTINUE

Ric TUKI+

THATA=(MIT -1 4DELTAT

M9=n1l

WRITE e 400 ma. THATA
WRITE.&,40:%;

W LTECO, 407 ovuAle, to 00w =1 3 OReAlL L L)
WRITEC(6,406) W ODLONTT I, 00, =0, 30, 000vedil, I, 00,0

“TUF
THATwH= il -tiede, Tad
fNo=Mia

WR LTE oud 0 ro Dt e
AR

oA TAE D D el TAT

no=nli
WELTECa, a0 m THIT

WRITE v 401 v R L Iy dn - b, s

5 GF

v
.




8610 U
5420 L
1430 C
HAe40
R4S
5660
3679
3480
1090
3700
3710

8720

NUSOL. MEANS NU SOLUTIUN WAL OsiainNBD ror 0 Was S1iitbic NUT TH-

IDENTIT: MATRIX OR A SUBSTITUTLON OF THE SOLUTLION Dio vy
YIELD THE CORRECT RIGHT SIDE.
400 FORMAT (33K MATRIX IS SINGULAKK AT STATION - TI%,9%, 814 THATA
$.,1F10.4)
401 FORMAT( A9H2NO SOLUTIOn FOR 0 I5 NOT IDENTITY AT STATTuON=

$115,9X,7H THATA= ,1F10.4)

402 FORMAT ( S6H2NU SOLUTION FOR v [n WUY EWUAL RIGHY 50Dk AT =faAT1dR
$= LAI15,9%, 74 THATA= 0.4

424 FIRBAT(/77¢3E15..7))

405 FORMATI(SE L.

406 FORMAT OEID )

407 FURMAT(SX.AE15.7)

408 FOFMATOIA.9%0 FROM S0LVE O, Lr. DL, Ard ek GlUol e
gl




DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE, THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM.
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL \DENTIFICATION,

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
Of LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY.CASE

BASIS.







